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Abstract
Increasing urbanization and the coverage of impervious surfaces are usually
associated with the problem of urban stormwater pollution. In this study, stormwater
quality of Kai Tak Nullah, a major stormwater drainage channel in southeastern
Kowloon, was monitored and investigated. The temporal variation of stormwater
quality, the comparison of water quality under different weather conditions, and the
relationship between water level and stormwater quality were studied by analyzing
both primary and secondary data. A total of 71 samples including 34 from 7
independent storms were collected. Parameters analyzed include pH, conductivity,
BOD, dissolved oxygen, suspended sediments, heavy metals (copper, zinc, cadmium,
lead and chromium), and inorganic chemicals (nitrate-nitrogen, ortho-phosphate and
ammoniacal nitrogen). The sampling result shows the first flush effect with the
increase in heavy metals concentration at the beginning of the storm. However, pH
is always around 7 for most of the measurements. It was also observed that storm
runoff quality is better with the rise in water level, revealed by the fall in heavy metal
and inorganic chemical concentration. The dilution effect brought by rainfall input
is also shown. In this study, it was found, from the secondary data, that there has
been a gradual improvement in stormwater quality of the Kai Tak Nullah since the
early 1990s, with improvement in most water quality parameters. Furthermore,
water quality tends to be better on wet days and be the worst on semi-dry days based
on EPD data. The comparison of wet and dry days data from the independent
sampling of this study is also consistent with this phenomenon.
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Chapter 1 Introduction
Urban stormwater is one of the important sources of pollution in most of the
cities today. In this study, stormwater quality of an urban drainage channel in Hong
Kong has been investigated.
1.1. Introduction to stormwater runoff
Stormwater is runoff that flows in the urban area. It is generated by rainwater or
water resulting from any precipitation which falls on a built-up area (Butler and
Davies, 2000) and does not infiltrate into the soil because of the impervious surface.
Stormwater often "flows from rooftops, over paved areas and bare soil" (New York
State Department of Environmental Conservation, 2003). It then runs as overland
flow and finds its way into the flowing water bodies. So, stormwater can be regarded
as that portion of rainfall that runs off from urban surfaces. In fact, stormwater
runoff will gradually enter the urban drainage system which is usually composed of
storm drainage, which removes surplus rainfall, and sewerage. Figure 1 shows the
generation process of stormwater runoff.
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Figure 1. Stormwate r runoff generation processes
(Source: Butler and Davies, 2000)
It IS common that there are co mbined flows of stormwater and sewage 111 a
confi ned urb an storm channe l. During dr y weather, the treated dom est ic and
industri al sewage contribute to the "dry weathe r flow" . On a we t day, the runoff
vo lume increases drasti call y w ith the addition of storm surface run o ff. It is because a
large portion 0 f sur face run o ff may be spilied untreated into the wa tercourse. In fac t,
urb an drain age sys tem is the essentia l in fras truc ture o f a city. With in the urb an areas,
the natural watercourses were converted into nullahs , and then culverts (S in, Chan and
Chau , 1996) which are to faci litate the disposal of stonnwater and to prevent urb an
flooding. In Hon g Kong, stormwater is co llec ted and disch arged into the harbour
through a co nfined outlet.
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1.2. Stormwater pollution
Today, urban streams are mostly characterized by high bacterial density, high
oxygen demand, high concentrations of solids and nutrients, high turbidity and high
concentrations of metals and organic compounds (Ferguson, 1998). Wastewater,
industrial effluents and land use runoff are the three major important sources of river
water pollution (Novotny, 1995). This suggestion also applies to the pollution of
stormwater in the urban channel. In fact, the sources of pollution can also be further
divided into two categories: point source and nonpoint (diffuse) source.
a) Point sources of pollution
The origins of point source discharges of pollution are mainly from "the
municipal and industrial facilities, bypasses and overflow from municipal sewage
systems, unpermitted and illegal dischargers, and produced water from oil and gas
operations" (Galveston Bay Information Network, 2002). More comprehensively,
Novotny (1995) identifies the statutory point sources category which includes:
municipal and industrial wastewater effluents; runoff and leachate from solid waste
disposal sites; runoff and infiltrated water from concentrated animal feeding
operations; runoff from industrial sites not connected to storm sewers; storm sewer
outfalls in large urban centers; overflows from combined sewers; leachate from solid
waste disposal sites; runoff and drainage water from active mines, both surface and
underground, and from oil field; other sources such as discharges from vessels,
damaged storage tanks, storage piles of chemicals, etc.; runoff from construction sites
with a size greater than 2 hectares. In general, the discharge of point sources of
pollution is always continuous and uninterrupted. Point source pollution can easily
be controlled and regulated as the sources are readily identified. This type of
pollution, discharge of crude or partially treated sewage into the rivers, is by far the
commonest form of pollution to storm runoff (Klein, 1969).
b) Non-point sources pollution
Non-point source pollution is regarded as the primary source of water quality
impairment in many countries over the world (Akan and Houghtalen, 2003).
Non-point source pollution occurs when pollutants originate from a variety of sources,
rather than from one specific, identifiable source which finally gets into the water.
As stated by Butler and Davies (2000), stormwater could contain some pollutants,
originating from rain, the air or the catchment surface. It is believed that non-point
source of pollution is more related to the deterioration of stormwater quality. When
rainfall or snowmelt overflows the land, it picks up pollutants which are accumulated
in the preceding dry spell. The pollutants are then deposited into the rivers and lakes.
The non-point sources of pollution includes eroded soil from construction sites, oil and
grease from cars, nitrogen and phosphorus from fertilizers, pesticides from lawn and
shrub care products, fecal droppings from pets and other animals, dust and dirt from
dry fall, and various pollutants from illegal dumping and spills (Akan and Houghtalen,
2003).
Form the above description, it is possible to identify wastewater and industrial
effluents as point sources of pollution. They have been collected and treated before
being disposing into the receiving water bodies. Although it is possible to regard
point source pollution as one of the factors causing the deterioration of stormwater
quality in the storm drainage channel, it is the land use runoff, i.e. the nonpoint source
of pollutants, that are the major contributor to the problem. The nonpoint sources of
pollution contaminate the storm runoff into which they are emitted from the source
areas, primarily during storms. As a result, the pollution episodes occur
intermittently and have shorter duration (Novotny, 1995).
The change in water quality in an urban area is shown in Figure 2. In fact, the
properties of the stormwater, in terms of both quality and quantity, are closely linked
to the nature and characteristics of the rainfall and the catchment.
Precipitation
Urban catchment area
Sediment load
from construction
Domestic
waste
Industrial
waste
Stormwater
runoff
A, T
I
Dry weather
flow
Foul
sewers
Storm sewer Combined
sewers
Untreated
discharge
Treatment
works
Combined sewer
overflow
I
Treated
discharge
Receiving waters
Figure 2. Water quality changes in urban area.
(Source: Butler and Davies, 2000)
1.3. History of the investigation of stormwater quality
1.3.1. The study of stormwater runoff in the Western countries
It has been less than two decades since emphasis has been placed on the
significance of urban runoff as a source of pollution (Rosener, 1982). Butler and
Davies (2000, p.98) stated that:
"Numerous studies over the last twenty years have shown that
urban stormwater can be heavily contaminated with a range of
polluting substances. Stormwater contains a complex mixture of
natural organic and inorganic materials, with a small proportion of
man-made substances derived from transport, commercial and
industrial practices. These materials find their way into the
drainage system from atmospheric sources and as a result of being
washed off or eroded from urban surfaces. In certain respects,
stormwater can be as polluting as wastewater. "
Many studies of urban runoff quality have been carried out throughout the world
and field studies of stormwater runoff were initiated in the United States. According
to the WEF and ASCE (1998), in the United States, the study of urban runoff pollution
evolved from the research of chemical constituents in dustfall and rainout in the 1960s.
It was discovered that a significant amount of nutrients, pesticides, herbicides and
heavy metals were contained in the urban runoff. The studies have also shown that
urban runoff could be more polluted than the combined sewer overflow. Table 1
shows the result of studies which investigated the characteristics of urban stormwater
in the United States.
Table 1. The characteristics of urban stormwater
Characteristic
BOD5 (mg/1)
COD (mg/1)
TSS (mg/1)
TS (mg/1)
Volatile TS (mg/1)
Settleable solids (mg/1)
Organic N (mg/1)
NH3N
Soluble PO4 (mg/1)
Total PO4 (mg/1)
Chlorides (mg/1)
Oils (mg/1)
Phenols (mg/1)
Lead (mg/1)
Total coliforms (number/ 100 ml)
Fecal coliforms (number/ 100 ml)
Fecal streptococci (number/100 ml)
Range of Values
1-700
5-3,100
2-11,300
450-14,600
12-1,600
0.5-5,400
0.1-16
0.1-2.5
0.1-10
0.1-125
2-25,000
0-110
0-0.2
0-1.9
200-146xl06
55-112xlO6
200-1.2xl06
[Source: Rosener, 1982, p.163]
As a result of the findings of these early studies, "208 nonpoint source planning
area studies" were carried out to reduce pollution from the urbanized area (WEF and
ASCE, 1998). Despite the failure of these studies, the US Government was urged to
carry out the National Urban Runoff Program (NURP) in the early 1980s, which
focused on confirming the levels of pollution and the effectiveness of the pollution
control efforts (WEF and ASCE, 1998).
Since then, Europe followed the same path as the USA, especially in Germany,
Sweden, and Norway. At the end of the 1970s, counties like Great Britain also began
to recognize the problem of stormwater pollution (Torno, Marsalek and Desbordes,
1986), in which focus was placed on the implementation of Best Management
Practices (BMPs) in agricultural and urban areas. From 1980 onwards, the study of
stormwater runoff quality became more popular in Europe and other parts of the
world.
Various studies have been carried out in the Western countries to investigate the
problem of stormwater pollution. For example, it has been established that
"stormwater runoff from residential, commercial, and industrial areas is responsible
for 21 percent of impaired lakes and 45 percent of impaired estuaries in the United
States", and "in the Mid-Atlantic Region alone, storm water is responsible for 5,265
miles of impaired streams'" (EPA, 2003). Torno, Marsalek and Desbordes (1986)
point out that the studies carried out in the UK and Sweden demonstrated frequent and
prolonged periods when urban runoff discharges exceed toxic water standards. It was
also discovered that 35 percent of the total annual pollutant load discharged to the
receiving waters comes from storm sewer overflows in UK (Ellis, 1985).
In Canada, a study has been carried out in the Great Lakes Region which was
focused on the extensive field investigations of selected toxic substances in urban
runoff (Torno, Marsalek and Desbordes, 1986). The result of the study showed that
the trace elements and heavy metals were the most prevalent.
Christoulas and Agelankis (1985) investigated the volumes, BODs and nitrogen
loads of the wastewater produced by industries and discharging to River Pinios in
Larissa, Central Greece. They found out that the deterioration in urban runoff quality
would adversely affect public health.
1.3.2. The studies of stormwater runoff in the developing world
Urban runoff quality has also been assessed in developing countries, especially in
Asia. In fact, it is believed that the poor sewer system and the poor sanitary system
in the developing countries pose additional problem to the quality of stormwater
runoff, and, as Duda (1993) points out, one of the major causes of serious nonpoint
pollution in poor nations is the disposal of urban sewer water. For instance,
Stephenson and Wimberley (1993) carried out an investigation of storm runoff quality
in an unsewered town in South Africa and studied the sources of the pollutants, in
which the sanitation condition of the area was poor. It was found out that the leakage
of liquids from latrines contribute to the pollution of stormwater runoff.
The investigation of surface runoff pollution in urban area has also been carried
out in the humid tropical area in some Asian countries. In Changsha, a city in South
China, by comparing the runoff of wastewater and polluted water of life, it was
discovered that the harm of nonpoint source of pollution exceeds those brought about
by point source pollutants (Liao et al., 1988). They also found out that the source of
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urban runoff pollution is not limited to street surface substances, but also includes dust
from roofs, tree leaves, spelled materials of buildings, along with clay and weathered
materials of bare ground surface.
In Taiwan, a study conducted by Lo and Yang (1988) found out that a large
amount of soil and wastes were scoured by storm runoff which contributed to the
increase in turbidity of the water. Also, they showed that the water source was
polluted not only by materials washed down to the streams, but also by the waste piles
brought down from villages and towns in the watershed. Their investigation, again,
confirms that urban runoff is significantly polluted by both point and nonpoint sources
of pollutants.
A study has also been carried out in Singapore by Lim (2003) to find out the
quality of runoff draining from a small urban tropical catchment. Variations in runoff
quality were observed in the Queenstown catchment between the baseflow periods and
storms.
1.3.3. The investigation of stormwater quality in Hong Kong
In Hong Kong, research of urban stormwater quality is rare although it is the
major contributor to the deterioration of the water quality in the typhoon shelters and
urban channels. For example, the phenomenon of first flush concentration was
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observed by Chen, et al. (1999) in 1998. However, in their study, only three
rainstorm events were monitored at 4 sites. Li, et al. (2003) also studied the content
of nutrients carried by runoff, in which the characteristics of nonpoint sources of
pollution were investigated and the nutrient loads were estimated. They calculated
the average and flow-weighted mean concentrations for each of the studied 37
rivers/catchments in Hong Kong in order to identify the impact of land use and other
factors on nonpoint source pollution. The result showed that in heavily polluted
streams, the average concentrations are larger than flow-weighted concentrations (see
Table 2). It is because the samples in the wet season have bigger flow rate and lower
concentrations. For other streams, there are no differences between two kinds of
concentrations. They also found out that the occurrence of red tides in coastal waters
around Hong Kong is related to the wet and dry deposition into the water bodies.
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Table 2. Flow-weighted mean concentration and average flow for each river, 1998
Order
1
2
3
4
5
6
7
9
ID
11
12
O
14
IS
16
1?
i s
19
20
21
22
23
24
25
26
27
2S
29
30
31
32
33-
34
35
36
37
RIVER
3A FAK NAI STREAM
<CAM TIN RIVER
SIOAU HOM SHA STREAM
rSANG KOK STREAM
3 AKNAI STREAM
UVBR BEAS
IIVER GANGES
IWBVL INDUS
SHEUNG PAK WAI STREAM
TAI SHIJ1HANG STREAM
ITN SHU1 WAI NULLAH
YUEN LONG CREEK
iTJEN LONO CREEK
TSENG LAN SHUE STREAM
rUEN MXJN RIVER
I U E N M U N RIVER
1UNG CHUNG RIVER
ruNG CHUNO RIVER
IO CHUNG RIVER
3HA KDK MEL STREAM
IAI CHUNG HAU STREAM
MUl WO RIVER
SdJUI WO RTVER
mn wo RIVER
LAM TSUEN RIVER
1AM TSUEN RIVER
SHAN LIU STREAM
SHING MUN RIVER
SHINO MUN RIVER
SHING MUN RIVER
SHING MUN RIVER
SHING MUN RIVER
TAI PO KALI STREAM
IAI PO RIVER
5AU WA KENO STREAM
SAM DIP TAM STREAM
JAI M1N KOK STREAM
Station
Name
DB1
KT2
DH6
DBS
DBS
RE3
GRl
IN3.
DBS
DB2
TSR2
YLJ
YIA
JR11
TNI
TN2
T C I
TC2
PR2
PR5
PR7
MW1
M W 4
MW5
TR12
TR12E
TR4
KYI
TR17
TR19
TR20B
TR23.L
TR14
TR13
KW3
TW2
AN2
HODS
(uW$
1.70
41.42
17.76
3 2 6
I JO
24.74
14.60
4 2 4
l . l l
1.12
4.55
93.44
101.42
229
44.83
6.71
1.D0
1.19
1.0D
1.17
1.D0
1.17
3.D2
1 3 0
2.96
735
1.50
1.D0
26.28
6.71
1.00
I.S3
1.8]
im
im
2.44
NO,
Cmgd)
0.13,
0.04
0.52
a.36
a.42
0.45
0.60
0.70
0.2Q
0.11
0.66
0.06
0.01
1.79
0.86
1.87
0 . B
0.04
0.27
0.75
0.60
0.33
0.12
0.17
3.73
0.49
0.45
0.74
0.56
0.95
1.09
0.25
0.49
0.72
1.&
OM
l.Gl
TKN
(mum
O.OS
34.16
32S
027
0.43
6.87
KM
125
D.17
0.10
1.83
31.47
11.66
0.52
8.59
121
O.OS
023
D.IS
0 3 0
021
0.13
0.67
0.42
U S
0.S1
032
D.15
1.76
1.43
0.71
0 2 0
0.59
0.54
1.9J
2.15
0.7*
TP
(raft'l)
0.02
7.52
0.65
0.05
0.15
1.3.1
2.42
0.64
0.03
0.03
0.22
6.68
1.58
0.27
1.57
1.00
0.02
0.11
0.04
0.09
0.07
0.12
0.17
0.10
1.18
0.6S
0.12
0.18
0.47
0.20
0.45
0.06
0.19
0.14
Q.4S
0.2S
0.22
TN
0.22
34.20
ISO
0.63
0 J 5
7.32
9.08
1.95
0.37
Q21
2.49
31.53
11.67
2.31
9.46
3.08
Q21
0 2 7
O45
1.05
0.S1
Q46
0.78
Q59
5.11
1.29
O77
QS9
2.32
2.38
l.«Q
Q45
1.09
1.25
3.57
3.01
2 J *
Maw
(cnVaji
O.DIS
0.241
0.D14
0.027
0.022
0.769
0.431
0.198
0.037
0.092
0.096
0.440
0.300
0.262
0.117
0.085
0.037
0.034
0.165
0.177
0.556
0.070
0.260
0.048
0.022
0.046
0.D31
0.016
0.065
0.295
0.133
0.134
0.159
0.186
0.01^
0.03!
0.O1I
Source: Li, Lee, Koenig and Jayawardena (2003)
In fact, the issue of stormwater pollution in Hong Kong has been pointed out in
some investigations of coastal water quality. The Environmental Protection
Department has identified that stormwater in East Kowloon was heavily polluted by
foul wastes which then discharged into the Kai Tak Nullah, the Kowloon Bay Typhoon
Shelter and Victoria Harbour (McNally, 1988). Also, Watker and Phillips (1988)
stated that the receiving waters of Kai Tak Nullah and the Kwun Tong Typhoon Shelter
were heavily polluted by urban runoff. They found out that sediments on the bed of
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the Kwun Tong Typhoon Shelter, where the dispersal capacity is low, were severely
contaminated by organic and inorganic pollutants from the lower reach of the Kai Tak
Nullah.
As a result, the quality of the stormwater can be traced indirectly from the
investigation of coastal water quality. For example, Lau (1999), in a review of the
concentrations of copper, zinc, cadmium and lead in rabbitfish collected in Victoria
Harbour, also reflects the poor stormwater quality in the Hong Kong urban area. Lau
(1999) indicated that cadmium and lead concentrations in the rabbitfish in Victoria
harbour were significantly higher than fishes collected outside the Harbour. The high
lead content is believed to be from the urban runoff via the storm drains, which is
believed to contain a large amount of roadside dust heavily contaminated with lead.
As a result, we may conclude that nonpoint source pollution is significant in Hong
Kong. Also, the problem of stormwater runoff is significant in Hong Kong too.
Besides, useful data of stormwater quality can also be obtained from the result of
the water monitoring in the urban channels and the harbour, which are monitored by
the Environmental Protection Department since the 1980s. For example, monitoring
at 14 sites by the Environmental Protection Department confirm that waters in Kai Tak
Nullah and the Kwun Tong Typhoon Shelter have high BODs, COD, nutrients and
trace metal levels from both sewerage and industrial sources (Watker and Phillips,
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1988).
Through a series of water quality monitoring, it is found out that the typhoon
shelters and the urban streams are heavily polluted by both point source and nonpoint
source of pollutants. It is discovered that the flushing of non-point source pollutants
by storm surface runoff into the receiving water bodies is one of causes of the
deterioration of the water quality in the coastal water and in the urban channels.
In recent years, the issue of stormwater pollution has become a greater concern in
Hong Kong, since the expectations of having a better living environment have
coincided with increased development around the harbour (EPD , 2004). For
example, in 2003, the Environmental Protection Department launched an in-house
investigation, focusing on the old urban area, especially Mong Kok, to try to identify
the contributions of various sources to the stormwater system (EPDb, 2004). More
emphasis is also put on controlling pollution from stormwater drains.
1.4. Causes of the urban storm runoff pollution
It has been pointed out that urban discharges entering the receiving water bodies
from both point and nonpoint sources contain a certain amount of organic and
inorganic components. Most of this contamination is brought about by the emission
of diffuse source of pollutants into the receiving water bodies, as presented in a report
15
by EPA in the United States, which showed the average proportions of the
contributions of several pollutants between point source and nonpoint source in the
United States (see Table 3).
Table 3. Point and nonpoint contributions of specific pollutants
Pollutants
COD
Total phosphorus
Total Kjeldahl nitrogen
Fecal coliforms
Lead
Copper
Cadmium
Chromium
Zinc
Arsenic
Mercury
% from Point Source
30
34
10
10
43
59
84
50
30
95
98
% from nonpoint source
70
66
90
90
57
41
16
50
70
5
2
(Source: Novotny, 1995)
Such findings may not apply in developing countries where the control of point
sources is at a low level, and moreover, urban pollution from the unsewered urban
section would be classified as nonpoint source in these regions (Novotny, 1995). In
the United States, it has been identified that nonpoint source pollution, which is
closely related to everyday municipal and personal activities, is the major factors why
nearly 40 percent of the studied rivers, lakes and estuaries are not suitable for basic
uses(USEPA, 1997).
It is claimed that urban runoff pollution is the cause of the disruption of the
terrestrial ecological balance, in which the native ecology is replaced by an urban
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ecology. In fact, it is stated that when impervious cover (roads, highways, parking
lots, and rooftops) reaches between 10 and 20 percent of the area of a watershed,
ecological stress will become apparent (NRDC, 2004). As a result, urbanization,
with the creation of buildings and roads, and the related human activities, is
responsible for the urban stormwater pollution.
Urban development means that much of the land surface become impervious,
preventing rainwater or snowmelt following their natural course into the soil by the
process of infiltration. As infiltration decreases, the impervious surfaces increase the
volume and velocity of water flowing over the land to the receiving waters. When
rainfall moves rapidly over the impervious surfaces, the diffuse pollutants pollute the
flowing water.
Urbanization is also accompanied with an increase in population, which leads to
the increase of diffuse pollution, especially in developing countries where there is a
lack of sanitation (Novotny, 1995). As a result, waste emissions increase drastically
and the sources become more diverse, for example, industries, domestic wastes,
transportation, construction, etc. Hence, more pollutants are able to be taken up by
rainwater and flushed into the urban channels. Human activities that cause
stormwater pollution are outlined below:
17
a) The increasing use of vehicles
In an urban area, the passage of vehicular traffic is heavy, especially with
advanced economic and urban development. For example, census data released in
2002 showed that between 1990 and 2000, car ownership in Boston, USA, rose by
34% and by 26% in Metro Boston (The Boston Foundation, 2003). As a result of the
increasing use of the vehicles, more pollutants are generated from the vehicles'
emissions. The released vehicle exhausts contain toxic organics and heavy metals.
For example, volatile solids, PAHs, exhaust gases and vapours, leads compounds,
hydrocarbon losses. Pollutants are also generated through the dripping motor oil,
metal particles from the wearing of brake linings and tire deposits, such as zinc and
hydrocarbons, on streets and highways. Performing vehicle maintenance outdoors
can also lead to urban runoff pollution because drips and spills of oil and other fluids
are possible during the maintenance process. These fluids will soak into the concrete
pavements and will be washed away with the up-coming rainfall.
b) Waste disposal
There are usually improper disposal of pollutants into the water bodies in the
urban area. The waste comes from both domestic and commercial sources, for
example, detergents and car oil. The pollutants are sometimes illegally discarded
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into the gutters and gullies (Butler and Davies, 2000).
c) Increase in surface debris
With the increase of population and impervious surface within the city, dust and
dirt are accumulated on the street. The sources of these pollutants include littering,
organic residues from animals and vegetation, and traffic emission.
d) Urban erosion
It is known that sediments are pollutants and that erosion is the major source of
the sediments. In fact, erosion that takes place within the urban area contributes to
the generation of pollutants.
For example, construction sites can produce high pollutant loads since disturbing
soil and vegetation during construction could greatly increase erosion. As pointed
out by Novotny (1995), construction sites are characterized by the high production of
suspended solids caused by erosion of unprotected exposed soil and soil piles. Once
there is a rainstorm, the sediments will be washed into the drainage system
immediately and it leads to contamination.
Also, the degradation of roads and pavements releases particles of varies sizes.
The corrosion of metallic structure such as fences and benches releases toxic
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substances (Butler and Davies, 2000). These are the pollutants which will be washed
into the receiving water bodies once there is rainfall.
e) The use of chemicals
The excessive use of chemicals also contributes to the washing off of pollutants
into the storm channel, for example, the overuse of pesticides and fertilizers on urban
land, and the storage and the washing off of deicing materials, etc.
f) Atmospheric pollution
Heating, vehicular traffic, industry and waste incineration, etc., lead to the
pollution of the urban atmosphere. Absorbed or dissolved by precipitation, the
pollutants from these sources are deposited directly into the urban channel. Or, they
may be deposited on the land surface and be carried into the drainage system once
rainfall starts. For example, Butler and Davies (2000) have pointed out that it was
estimated that 20 percent of the organic matter, 25 percent of the total nitrogen in
stormwater could be attributed to atmospheric fallout in Sweden.
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1.5. First flush effect
It is observed that the non-point source of pollutants will be washed into the
stormwater channel immediately once a rainstorm starts. However, the load of
pollutants is greater at the beginning of the storm. For example, as stated by Butler
and Davies (2000), the basis of the study of first flush could be found in studies
carried out by Cordery (1977), Das (1977), Ellis (1976, 1977), Randakk et al. (1977),
Bedient et al. (1978) and Griffin et al. (1980). Their studies showed the variation of
individual stormwater quality with time during isolated rainstorm events. They
observed that there was a rapid increase in concentration of pollutants at the beginning
of the rainstorm. Also, a study carried out in Florida showed that the first 25mm of
runoff generally carried 90 percent of the pollution from the storm (Novotny, 1995).
It is the impervious pavement in the urban area that enables the high concentrations of
some kinds of pollutants during a storm's "first flush" of runoff. This phenomenon is
regarded as the first flush effect.
The high concentration of nonpoint source of pollutants is traceable. Between
the days of rainstorm events, there is a period of dry weather, or a dry spell. During
the dry days, pollutants such as oil, sediments, litter, dust, etc. accumulate on the street.
When the rain starts, these materials, carried by rainwater, enter the water bodies, that
is, the 'flushing' of pollutants into the urban channels. The accumulated pollutants
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have a high concentration as compared with runoff later in the storm (Ferguson, 1998),
as shown in Figure 3. In a small catchment area, the loading of pollutants of the first
flush can be dramatically high.
Concentration of
sediments and oil
- - Rate of runoff
Time, hours
Figure 3. The "first flush" effect (Source: Ferguson, 1998)
1.6. Purposes of the study
Despite the above studies carried out in Hong Kong reported in section 1.3.3.,
there is therefore a paucity in information on stormwater runoff water quality in Hong
Kong. For example, very few case studies of stormwater quality variation exist.
Hence, basic statistical data on stormwater quality is found on very limited samples.
Nor has there been any real examination on the controls of stormwater quality been
undertaken, for example, the role of weather, volume or water level etc.
In general, the purpose of this research is to make an objective assessment of
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stormwater pollution of Kai Tak Nullah. The aims of the research are to investigate
the response of runoff quality in the nullah during the occasion of a rainstorm,
especially the first flush effect. The control exerted upon water quality by water
volume will also be studied and a contrast drawn between wet and dry days. It is
believed that the non-point source pollutants are the major source of stormwater
pollution of the nullah and which contribute to the high concentration of pollutants
during the beginning of the rainstorm. The study also aims to illustrate the
improvement in stormwater quality of the studied nullah.
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Chapter 2 Study Area and Methods
2.1. The studied nullah
In order to measure the effects of flushing of non-point pollutants on the water
quality of urban streams, and to examine the improvement in stormwater quality in
Hong Kong, a nullah in the urban area has been selected for the study of stormwater
quality. In this research, the stormwater quality in the Kai Tak Nullah is examined.
It has been selected for study because Kai Tak Nullah is one of the major stormwater
channels and a part of the rainwater drainage system for Kowloon in Hong Kong. It
is located in the southeastern part of Kowloon. Its catchment area includes Lok Fu,
Kowloon City, Wang Tau Horn, San Po Kong, Tsz Wan Shan and Diamond Hill. The
location of the Kai Tak Nullah is shown in Figure 4. The Kai Tak Nullah enters
Kwun Tong Typhoon Shelter at its northwestern end and to the east of the old airport
runway (Watker and Phillips, 1988). It is estimated that the nullah is about 3 km long
and 40 to 110m wide. Under the Effluent Export Scheme, the secondary treated
effluents from Sha Tin and Tai Po Treatment Plants will be led to the Victoria Harbour
through the Kai Tak Nullah (Tang, 1995).
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Figure 4. The location of Ka i Tak Nullah (Source : EPDa, 2004)
2.1.1. Some information of the Ka i Tak Nullah drainage bas in
a) The major types of landuse
The development around the Kai Tak Nullah was poorly planned. It includes
parks, squatte r areas, temperorary hou sing areas and old pub lic housing estates. At
the end of the nullah, it is the Kwun Tong typhoon shelter. The nullah is a lso
bordered by the runway path of the old airport on one side, and Kwun Tong, the old
indust rial area, on the other side. According to the EPD (2003), the nullah and the
typhoon shelter were built before proper planni ng co ntrols were introduced.
b) Climate
Hong Kong lies within the trop ics and hence experie nces a sub-tropical climate.
However, climate in Hong Kong is also governed by monsoon and there are
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well-marked seasonal changes (Chin, 1986). The average temperature ranges from
17°C in winter to 28°C in summer. Rainfall averages 2,159 mm a year, with the
maximum in summer. Under the influence of north-east monsoon, the weather in
winter is cool and dry, with occasional cold front followed by dry northerly winds
(Hong Kong Observatory, 2004). March and April are spring period with high
humidity. In the summer, the weather is hot and humid with occasional showers and
thunderstorms, as well as the attack of tropical cyclones. In autumn, both
temperature and rainfall starts to fall. It is the seasons when there is the most
frequent attack of typhoons (Chin, 1986).
c) Water quality
It has been pointed out that the pollution problem in the nullah is mainly caused
by sewage and trade effluent coming from numerous illegal connections and overflows
from factories (EPD, 1993). There are six monitoring stations run by the EPD along
the nullah. Before 1995, the water quality of the nullah was graded as "bad". In the
upper reach, it was graded from "bad" to "very bad". As for the lower reach, since
the typhoon restricted the dispersal of pollutants, there was a thick layer of
contaminated mud in the bottom of the nullah (EPD, 1996). After 1995, the overall
water quality has been generally improved since the implementation of the Tolo
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Harbour Effluent Export Scheme (THEES), where there is a better flushing effect of
the exported effluents and the better control along the nullah. There is also a
long-term trend of decreasing heavy metals, suspended sediments, and organic
aggregates and an increasing trend of dissolved oxygen along the nullah (EPD, 1999).
From 1995 onwards, the water quality of the upper reach of the nullah has been graded
from "fair" to "good". As for the lower reach, improvement has been seen from
1997 onwards (EPD, 1996, 1998). The WQI (water quality index) improved from
"bad" to "very bad" in 1984 to mostly "fair" in 2001 (EPD, 2002).
2. 2. Collection of data on water quality
2.2.1. The types of data
Two sets of data for the study of the improvement of stormwater quality in Kai
Tak Nullah and the change in water quality during rainstorms are required. They are
the existing data obtained from secondary sources and the primary data from on-site
sampling
a) Secondary data from the Environmental Protection Department (EPD)
The manual of practice prepared by the Water Environment Federation and the
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American Society of Civil Engineers (1998) points out that reviewing the available
data provides critical information on existing conditions and helps to identify areas of
significant interest. As a result, secondary data for the water quality of Kai Tak
Nullah from the past monitoring generally by the EPD are required for the study of the
change in stormwater quality of the studied nullah. In fact, the results of the monthly
stormwater sampling from 1986 to 2003 are obtained from the EPD to identify the
gradual change in stormwater quality of the nullah. This set of data is also useful for
the comparison between water qualities in wet and dry days in the past and to identify
controls upon water quality in an urban channel.
In Hong Kong, several determinants of stormwater are monitored by the EPD.
The determinants include heavy metals, inorganic chemicals and sediments parameters.
The analysis of these parameters is important for the observation of water quality
changes.
b) Primary data — On-site sampling
Sampling is a vital part of monitoring water quality in a water treatment process,
distribution system, or source of water supply (American Water Works Association,
2003). In fact, primary data of stormwater quality can only be obtained through
sampling, which is important for the survey of the water quality in the nullah.
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2.2.2. The selection of major determinants
Both physical and chemical properties of the water samples are needed for the
comparison of the water quality in wet and dry days and to identify storm period
changes. Based upon determinants available in the EPD surveys, the following
parameters have been selected for study: pH, conductivity, biological oxygen demand,
chromium, cadmium, copper, lead, zinc, ammoniacal nitrogen, nitrate nitrogen,
ortho-phosphate and suspended sediments.
a)pH
pH is a measure of the hydrogen ion concentration, or, activity (Hounslow, 1995)
which is one of the most important operational water quality parameters. An acid
condition is when there is excessive acid which causes hydrogen ions (H ) to be
present. Alkaline conditions occur when there are excessive alkaline ions (OH)
(Ornamental Fish, 2003). A pH of 7 is considered to be neutral. According to the
American Water Works Association (2003), the dividing point of water is the total
alkalinity point of pH 4.3. pH control is necessary at all stages of water treatment to
ensure effective disinfection with chlorine and to minimize the corrosion power of
stormwater (WHO, 2003).
29
b) Conductivity
According to the American Water Works Association (2003), conductivity is the
measurement of the ability of an aqueous solution to carry an electric current which is
influenced by the presence, total concentration, mobility, and valence of ions in water,
and the temperature of measurement determines the ability. It points out that organic
compounds molecules conduct a current very poorly since they do not dissociate in
aqueous, while most inorganic compounds are good conductors. The significant of
the measurement of conductivity are stated by the American Water Works Association
(2003, p. 134):
1. to establish the degree of mineralization of a water;
2. to evaluate variations in the concentration of dissolved minerals of a water source;
3. to estimate the concentration of total dissolved sediments in water; and
4. to approximate the milliequivalents per liter of either cations or anions in a water
sample.
c) Biological Oxygen Demand (BOD)
BOD is a measurement of the amount of oxygen used in the biochemical
oxidation of organic matter over a specific time (usually 5 days) and at a specific
temperature. It indicates for the concentration of organic waste, bacteria, and other
30
microorganisms in water (Wikipedia, 2004).
d) Suspended sediments
Too much sediment produces highly turbid waters and causes about adverse
consequences. Most of the chemicals are associated with the smaller size of solids
carried in runoff water (Wanielista and Yousef, 1993). So, the suspended sediments
may contain a large portion of pollutants.
e) Heavy metals
Stormwater carries a variety of heavy metals. The most common metals in
urban runoff are zinc, copper and lead (Wanielista and Yousef, 1993). If the
concentration of the heavy metals exceeds the threshold level, toxic effects are
resulted.
f) Inorganic chemicals
The inorganic chemicals are nutrients that stimulate the growth of algae and
water plants. The increase in algal activities cause the fall in dissolved oxygen
content in stormwater. Excess nutrients also lead to odour, overgrowth of plants and
the problem of toxic release (Wanielista and Yousef, 1993).
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2.2.3. Sampling location and method
Careful selection of the water sampling site is an important step in developing the
sampling procedures which reflects water quality accurately (American Water Works
Association, 2003). Due to the vast area covered and the lack of time to sample
various locations during a storm event so as to adequately portray short duration water
quality changes, the sampling of stormwater was carried out at one point along the Kai
Tak Nullah. In this study, water samples were collected at a fixed monitoring station
on the San Po Kong section of the Kai Tak Nullah. The sampling catchment in the
study is located at the boundary between Wong Tai Sin, Kowloon city and San Po
Kong (see Map 1). The sampling catchment where the study was carried out is
selected on the basis that there are various types of landuse nearby, which are believed
to be the potential sources of non-point pollution. In fact, the major landuse within
the selected catchment area are residential, and mixed residential and commercial
landuses. San Po Kong was initially an industrial area. However, much of the
factories have been moved out and the landuse here changed to commercial one
gradually, for example, shopping plaza. In the Wong Tai Sin side, residential landuse
dominates. A public housing estate, that is, Tung Tau Estate, can be found nearby the
selected site. In addition, there is a construction site and two schools near the
sampling station. On the Kowloon City side, there are mixed residential and
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commercial landuse, and open areas. The relocation of the airport in July 1998 also
leaves behind a vast abandoned area here. Figure 5 shows the major types and the
changes of landuse near the sampling station from the 1980s to 2000s.
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Map 1. The Kai Tak Catchment
a) 1985
c) 2002
b) 1995
-. Sa mpling station
Figu re 5. T he maj or types and th e changes in landuses of th e sa mpling catchment
(Source : La nd Department)
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a) The sampling station
The location of the fixed sampling station is shown in Figure 6. The sampling
station is a bridge which is located at the junction between Yuk Kwan Street and Lok
Sin Road. The particular site is selected because of three reasons: safety, the
accessibility of the sampling site and the representativeness of the samples collected.
Safety is important since there is a certain degree of danger when taking samples
during a rainstorm. The site selected for sample can be regarded as safe since there is
a barrier which is about 1.1 m tall along the bridge. It protects people from falling
into the nullah when the road is wet and slippery, and when the water current in the
nullah is strong.
Another criteria, the accessibility of the sampling site, is also critical. The
particular point of the nullah is selected because of its closeness to my place of
residence. The high accessibility of the sampling site means that stormwater samples
can be collected immediately once the rainstorm starts. As a result, it is practical to
collect samples to identify and reveal the first flush effect of the nullah by measuring
the immediate response of the quality of the flowing water to rainfall. Also, the
bridge permits easy access to the nullah using the sampling device described in section
2.2.3.
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Figure 6. Location of the sampling station
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As for the representative of the sample, a careful selection of the site for sampling
is required. It is observed that Kai Tak Nullah is a wide rainstorm channel in which
water flow is divided into two sections horizontally (see Figure 6). One wider part of
the channel is with gentle water flow. The other part, which is narrower, is with
faster water flow. It is estimated that the division is aimed to accelerate the water
flow and thus, to increase the efficiency for the removal of stormwater during
rainstorm when there is a dramatic increase in water volume. Figure 6 shows the
section of the channel. In addition to the separation of the channel, there is the
construction of pillars as the support of the bridge. It complicates the water flow in
the nullah. So, it is common that turbulence can be observed when water approaches
the pillars. There are also numerous point source inputs along the channel that might
result in biased sampling. The selected bridge avoids 'local' point source inputs and
presents a range of sampling points across the bridge from which to select a
representative sampling point for the cross section. Table 4 shows that the variation
of water quality along the cross section of the nullah is small. Five samples were
taken across the channel on 11 days. The samples are for conductivity and dissolved
oxygen (DO) analyses. These parameters are representative as conductivity may
represent the concentration of metals and nutrients, etc., while DO represents the level
of anaerobic decomposition. The results suggest that sampling at the selected point
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will obtain representative data, as there is little evidence of cross-sectional variation.
Table 4. Results of the samples taken across the channel
pH Conductivity DO (mg/L)
Date Mean Max. Iin, D* Mean lax. lin. SD* Mean 'lax. Min. SD*
617104 7.60 7.66 7.56 0.04 18.61 18.66 18.57 0.035 2.70 2.8 2.65 0.035
717104 7.48 7.51 7.4 0.047 18.84 18.91 18.82 0.055 2.41 2.48 2.38 0.04
817104 7.70 7.72 7.68 0.0 16 18.57 18.64 18.51 0.055 2.70 2.79 2.66 0.06
917104 7.69 7.74 7.62 0.047 18.53 18.62 18.50 0.028 2.67 2.74 2.64 0.052
1017104 7.69 7.72 7.66 0.032 18.56 18.60 18.52 0.023 2.69 2.78 2.66 0.054
1117104 7.79 7.86 7.72 0.057 18.41 18.46 18.36 0.04 2.8 2.82 2.7 0.069
1217104 7.50 7.52 7.49 0.013 18.83 18.88 18.79 0.037 2.41 2.44 2.39 0.022
1317104 7.77 7.86 7.70 0.064 18.51 18.53 18.48 0.021 2.50 2.59 2.47 0.062
1417104 7.73 7.79 7.70 0.036 18.58 18.61 18.55 0.037 2.57 2.61 2.56 0.046
1517104 7.73 7.76 7.71 0.023 18.62 18.69 18.59 0.021 2.61 2.65 2.57 0.034
1717104 7.06 6.92 6.87 0.035 17.61 15.33 15.20 0.023 2.69 2.63 2.58 0.074
* SO = Standard deviation
b) Sampling desi gn
Water samples for physical and chemical examination of the storm water are
import ant features of this survey. Therefore, the method of collectin g stormwater
samples was carefull y designed.
Since the height between the nullah bottom and the bridge (including the bridge
barrier) is approximately 6.5 meters tall and it is prohibited to walk down to the nullah,
a special devic e has been designed to collect the water sample. The sampling device
is shown in Figure 7. It composes of a tape disp enser tied with a plastic bottl e and a
plastic strin g. The tape dispenser is made of metal which ensures that the sampler is
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heavy eno ugh to let the bottle sink into the water. 500 ml of water sampl e is taken
every time. The volume of sample taken would be enough for the analysis of the
nutrient , metal and sediment contents in the water. Replic ates were also taken in
order to have a more representative and accurate data .
Figure 7. Th e sampling device
Samples should be taken in clean, colourless glass bottl es, and the bottl es should
be rinsed by the sample once or twice (Klein , 1986) . In this study, the second
criterion was excluded becau se attention was paid to ensure that the bottl es were
cleaned by distilled water and then thorou ghly dried so that a complete analysis of the
sample was possib le.
To collect a water sample, the clean plastic bottles were immersed in the flowing
water by attaching them to the sampler which was lowered into the nullah.
Stormwater was also poured immediately into a sealed glass bottle for B.O.D . analysis
and a second sample obtained for other determinants. It has been sugges ted that river
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samples should be taken at a point that is halfway between the water surface and the
bed of the stream (Klein, 1986). However, in this research, stormwater samples were
collected irrespective of depth although attention was paid to avoid taking water
sample near the river bed where there are greater opportunities for the taking in of salt
and bed load settled on the riverbed, and the water surface, with its associated problem
of floating debris. The presence of turbulent flow should ensure a well mixed and
hence representative sample.
In addition, water samples have to be protected and preserved before they are
analyzed. It has been pointed out by Klein (1986) that to avoid changes in
composition which takes place during storage at ordinary temperature due to
biochemical action, water samples should be kept in at about 4 Degree Celsius if the
analysis cannot be carried out immediately. To avoid biological reactions, the
collected samples were kept in an ice bag which helps to keep them cool until transfer
to the refrigerator at HKU. The water samples were analyzed within 24 hours.
c) Sampling time and frequency
Samples have to be collected on both wet days and dry days in order to facilitate
comparison of the different types of hydrological condition. To measure the effect of
rainfall and non-point source of pollution on storm-period stormwater quality, a series
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of samples were collected during a number of individual storms. Pre-storm water
samples were collected before the rainstorm in order to compare the water quality
before and at the beginning of the rainstorm, provided it could be estimated when the
rainstorm would start. In storms where water samples could not be collected before
the rainstorm, samples were collected immediately when the rainstorm began. The
data obtained in these ways would be useful for the analysis of first flush effect.
Samples were collected using a 15 minutes sampling interval, as it is adopted by Lim
(2003). This helps to illustrate the changes in stormwater quality of the nullah
throughout the storm.
In addition to collecting water samples during rainfall, a series of dry day samples
(baseflow) were also collected on a weekly basis to have a more comprehensive
background data of the water quality of the studied nullah and to afford a comparison
with wet days.
2.3. Water level and rainfall
a) Water level
There is no water level recording station at the monitoring site. Therefore, it is
necessary to establish a method for measuring water level.
Direct measurement of the water level of the nullah is difficult, especially when
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there is a heavy rain storm. The reason is that the bridge where sampling is carried
out is tall and people are prohibited to wa lk down the access road/ ramp to the null ah.
Consequentl y, water level has been recorded in the follo wing way. The height
between the riverbed and the top of the bridge was measured during a low flow period
(on a dry day) in ord er to establish a ' relative ' zero or baselevel. When sampling was
carried out again, water level could be measured by simply subtracting the height
between the water surface and ' the top of the bridge from the height of the bridge
obtained from the 'base-height measurement ' . Figure 8 shows the method of
measuring water level. Measurement of water depth has been facilitated by small
plastic cards marked with a number relatin g to height which are attached onto the
plastic chain ' rope' used to lower the sampler into the null ah. The cards are attached
every meter along the ' rope ' for the measurement of water level.
H ( rn)
1
H (in meter) = height of the bridge
from 'base-height
R (in meter) =distance between
the top of he bridce andwa1er
R (m) surface
S (in me er) =water leve
So, R S =
S (rn) S =H - R
Figure 8. T he measurem ent of wate r level
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b) Rainfall
Information on the amount of rainfall in the EPD's sampling days is necessary for
the wet-dry comparison of water quality. Data of the weather condition on a specific
day were collected on the web, ' Weather of a Special Day', of the Hong Kong
Observatory (http://www.hko.gov.hk/wxinfo/climat/specialday/html/selecte.shtml).
Through the system, the weather condition and the amounts of rainfall of each
sampling day were checked.
2.4. Data analysis
2.4.1. EPD data analysis
For the secondary data of water quality, the data obtained from the EPD
would be analyzed. Since water samples were taken monthly from the six sampling
stations by the EPD along Kai Tak Nullah, the mean value and the median of the six
stations of each parameter were calculated on a monthly and an annual basis. Then,
the monthly mean was categorized into different weather conditions and the
distribution of the mean of each category was analyzed by plotting frequency curves
for easy comparison. To ensure the representative of the calculated result, standard
deviation and inter quartile range were calculated.
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2.4.2. Sampling result analysis
For the primary source, the monitoring variables includes water temperature, pH
value, conductivity, BOD, nutrients, metals and suspended sediments content of the
stormwater since they are available in EPD data set and they are also the major
variables reflecting the degradation of natural water quality (Novotny, 1995; Lim,
2003). All the determinants were analyzed in the laboratory within 24 hours of the
samples being collected.
a)pH
pH value is measured by a pH meter, which is a sensitive voltmeter that measures
the acidity or the basicity of water samples (American Water Works Association, 2003).
The pH meter has unit scales from 0 to 14. The pH value of a specific water
temperature (usually similar to the room temperature, corrected to 25 Degree Celsius)
was measured by placing and gently stirring the electrode in the water sample.
Readings were taken when no further change occurred.
b) Conductivity
Conductivity of the water sample (in m") was measured by a conductivity meter.
The procedure of measuring the conductivity of the water samples was repeated 2 to 3
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times and the average taken.
It should be noted that theremeasurements of both pH and conductivity values
were carried out at a similar temperature, in which the water samples have to meet the
room temperature. Also, both the pH and the conductivity meter's electrodes were
cleaned by rinsing the equipment with distilled water before any measurements to
avoid cross contamination.
c) Biological Oxygen Demand (BOD)
A blackened dissolved oxygen bottle is specially used, for the collection of BOD
sample. After collection, the sample was transported as soon as possible to the
laboratory for analysis. Short-term storage when necessary was on a refrigerator.
BOD was determined by measuring DO content and repeating the measurement 5 days
after storage in a BOD cabinet. The decrease in oxygen reflecting the amount
consumed. It is a standard method (American Water Works Association, 1998).
d) Filtering
Water samples were filtered after the measurement of pH and conductivity. The
samples were filtered with the aid of a vacuum pump and a filtering apparatus. A
GF/C filter paper was used to separate suspended solids from the sample. This GF/C
46
paper is a compromise between particle retention and speed of filtration. The
supernatant liquid was collected in the flask whilst the filter paper, which has been
pre-weighed at 105 Degrees Celsius, was transferred to the oven and dried to constant
weight for re-weighing. The volume of the water samples was also obtained after
filtering which is for the calculation of the concentration of suspended sediment per ml
of water.
The filtrated water was filtered once more, using a millipore filter paper of
0.45/mi to obtain the dissolved phase of materials transported by water. The use of
0.45/xm millipore paper is a standard cut off point between dissolved and particulate
phases. The treated or filtered water sample was then stored in the original sampling
bottle (which was washed by distilled water again) and kept in the refrigerator for
nutrient and metal analyses. These were carried out as soon as possible after
filtration.
Ammonial and Nitrate-nitrogen along with ortho-phosphate were determined
using the filtered supernatant water and standard colourimetric methods. Water
chemistry kits provided by LaMotte were used to develop the colours, pink for nitrogen
and blue for phosphous, the intensity of which reflects the concentration of the nutrient
being analyzed. The intensity of colour and hence the concentration of the nutrient
was made using a , SMART colorimeter provided by LaMotte calibrated for use with their
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water chemistry kits.
Metals were determined after filtration. Standards were prepared and analysis
was by Atomic Absorption Spectrophotometry.
2.4.3. Water quality analysis
a) The trend of storm runoff quality
Annual data of stormwater quality is required for observing the long-term trend
of stormwater quality. As a result, mean value and median of the six sites from 12
months of the EPD data for each parameter were calculated annually for the
observation of variation through time. In addition, the yearly data of water quality in
KN 5, which is the EPD sampling station located nearby the sampling site in this
research, would also be analyzed separately.
b) Wet-dry comparison
To compare the differences in storm runoff quality between wet and dry days, the
weather of each day of sampling was first classified into 'Dry', 'Semi-dry' (which is
below 0.5 mm) and 'Wet' (for rainfall amount labeled as 'trace', it would be classified
as dry day).
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c) Storm period analysis
To analysis the changes in water quality during the storm event, water quality of a
series of samples would be analyzed and compared.
d) Rating curve
Based upon data obtained from sampling is the analysis of the response of water
quality to the change in water level. This would be examined by he construction of
rating curves between each water quality determinant and water level or stage.
2.5. Summary
The water sample collection and analysis is summarized in Chart 1
Chart 1. Summary of the sampling procedures
BOD
analysis
Installing the
sampler
Measuring
water level
1.
Store in ice bag
and bring back
to labortary
within 24 hours
X
Measuring
pH value and
conductance
Collection of
water samples
(with
replicates)
Filtering
Sediments
weight
' analysis
Analyses of
nutriens and
metal contents
Treated
samples are
stored in
refrigerator
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Chapter 3 Results
In this chapter, two sets of data are going to be analyzed: the results of monthly
stormwater quality monitoring by the Environmental Protection Department (EPD)
and the results of the analysis of a primary data set of storm runoff samples taken from
a sampling station along Kai Tak Nullah.
3.1. EPD data analysis
In this study, data from the EPD monitoring program are analyzed in two ways.
Firstly, annual data will be generated for the observation of the long-term changes in
overall stormwater quality as recorded at 6 sampling stations. Secondly, the EPD
data are categorized to examine, or compare, runoff quality between wet and dry days.
The results of the descriptive statistics for the yearly trend and for the wet dry
comparison are shown in Appendix 1 and 3 respectively. In addition, the data of
station KN 5 will be analyzed individually (see Appendix 2) for this is the site that
corresponded most closely to the sampling site used for the storm period sampling and
the collection of the primary data set.
3.1.1. Representativeness of the data
To measure the representativeness of the EPD data, the standard deviation and the
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IQR (inter quartile range) has also been calculated. The standard deviation and IQR
is positively related to the mean/ median value of the data, as shown in Appendix 1, 2
and 3. Moreover, the standard deviation is generally small giving a low coefficient of
variation (Appendix 1, 2 and 3). This indicates little spatial variation along the
channel. The inter quartile range is relatively small, and thus its deviation from the
median, as shown in Appendix 1, 2 and 3. This lack of variation suggests little
variation amongst the determinants at the six sampling sites. Therefore, the mean or
median values may characterize water quality for the nullah. The skewness of the
data for wet and dry comparison is also quantified.
3.1.2. Temporal trend from 1986 to 2002
a)pH
The mean pH values (refer to Figure 9) of the six sampling stations do not show a
great variation from 1986 to 2002. A similar trend is also observed in the median
value (see Figure 9). In 1990, 1995 to 1997, an increase in pH is observed with the
stormwater being more alkaline, reaching about pH 8. In fact, in most of the years,
the stormwater in Kai Tak Nullah is near neutral status which is pH 7.
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Figure 9. pH mean and median va lue of Kai Ta k 1 ullah from 1986 to 2002
b) Dis solved Ox ygen (DO)
It IS apparent that the dissolved oxygen conte nt of the Kai Tak ullah IS
increasin g through time. With reference to the mean values of the six sta tions (see
Figure 10), the general trend , exc luding minor fluctuation, is for the overall dissolved
oxygen co ntent to increase two times, from 4 mg/L to 8 mg/L in the 17 years.
Similar trend ca n also be observed wi th refere nce to the median , as shown in Figure 10.
From 1986 to 2002, there is an improvement in the problem o f odour o f the null ah
associated with the increase in disso lved oxygen.
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Figure 10. Dissolved Oxygen mean and median value from 1986 to 2002
c) Biological Oxygen Demand (BOO)
BOO content shows a well develop ed decreasing trend from 1986 to 2002, with
the mean value (Figure 11 ) dropping from the highest value of over a hundred mg/L to
15.3 mg/ L 111 2002 . In terms of the median (see Figure 11 ), a simi lar trend IS
observed as for the mean.
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Figure 11. BOD mean and median va lue fr om 1986 to 2002
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d) Chemical Oxygen Demand (COD)
The drop in COD is also large in terms of both mean and median values (see
Table 5). For the mean value, the fall in COD value is most apparent between 1986
and 1987, and 1989 and 1990. The drop in COD is around 50 percent between these
two time periods. In terms of median (Table 5), although there are small fluctuations,
the COD value, in general, falls or declines.
Table 5. COD mean and median value from 1986 to 2002
Year
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
Mean*
413.8
263.2
244.4
261.6
140.7
159.5
101.3
124.7
129.5
80.7
99.3
81.6
58
46.4
49.6
31.9
31.1
Median*
175
210
180
195
120
81
86
73
100
47
86.5
70
54
40
48
32
30
* iinmg/L
e) Inorganic chemicals
Analyzing the mean value, the concentration of nitrate-nitrogen (Figure 12a),
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ortho-phosphate and ammoniacal nitrogen show great variation from 1986 to 2002.
The concentration trend of nitrate-nitrogen tends to increase from less than 1 mg/L in
the 1980s to 3 mg/L in the 1990s. The concentration of ammoniacal nitrogen (Figure
12b) shows a decreasing concentration from around 9 mg/L to around 5 mg/L from the
late-1980s to the mid-1990s. However, from the mid-1990's, there is some evidence
of an increase (Figure 12b). Ortho-phosphate's concentration (Figure 12c) shows an
increase from less than 1 mg/1 to over 3 mg/L from the early 1990s..
Using median values, the trends observed are quite similar to those of the mean,
however, the increasing trend of the concentration of nitrate-nitrogen is more apparent
(Figure 12a). As for the concentration of ortho-phosphate, the trend of the median is
different from the mean from the mid-90s onwards, the value of the concentration is
stable at a slightly higher level (Figure 12c). The median value of ammoniacal
nitrogen shows a steadily falling value from a high concentration in the late-1980s
(Figure 12b) to the mid-1990s.
In general terms, the fall in the concentration of these chemicals was mostly
experienced in the early and mid-1990s. After this period, the amount of inorganic
chemicals in the stormwater have been maintained at a low level or exhibited a small
increase, especially for the two species of nitrogen (Figure 12a, b, c).
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Figure 12a. lean and median value of 0 3 concentration from 1986 to 2002
NH 4 mean and median
12.0
10.0
8.0
<2 6.0
'"E
4.0
2.0
1986 1987 1988 1989 1m 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Year
Figure 12b. Mea n and medi an value of NH,t concentration from 1986 to 2002
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Figure 12c. Mean and median value of P04 concentration fr om 1986 to 2002
f) Heavy Metals
The trends of heavy metals concentrations are summarized in Table 6. The trend
observed for cadmium, in both mean and median values , reveals the concentration is
highest in the late-1 980s (over 300 Jlg/L). A fterward s, its concentration decl ined and
currently rema ins at a low level, which is below 45 Jlg/L.
From 1986 to 1990, the conce ntration of copper increases, especially in 1987 and
1990, when the concentration IS over 500 Jlg/L. However, after that, there IS a
continuous drop In the copper concentration. A similar trend IS observed In the
conce ntra tion In copper with referenc e to the median value . In the 1990s and
onwards , copper remains at a very low concentra tion of below 10 Jlg/L.
The conce ntra tion of lead , for the mean value, is lower than 50 Jlg/L from 1986 to
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2002, except in 1991 when there is a drastic increase in the concentration of lead to
over 400 /xg/L. If the median value is considered, it shows that lead concentration
shows less fluctuation with a level of below 10 /xg/L, much lower than the mean.
A continuously decreasing trend for the concentration of zinc is observed for both
mean and median values, except in the early 1990s when its concentration is low.
Similar to the metals mentioned above, the drop in the concentration is considerable,
from over 200 /xg/L to 100 /xg/L or below.
In the case of the chromium, its concentration from 1986 to 2002 is also
decreasing in terms of both mean and median, from over 200 /xg/L to lower than 50
/xg/L. The drop in concentration is the most remarkable in the mid-1990s.
It can be concluded that the general trend for the concentration of heavy metals
was for an increase in concentration from the late-1980s to the early 1990s, but from
this point concentrations declined.
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Ta ble 6. 'lean and medi an va lues of th e heavy metals concentrations
Cd Cu Pb Zn C r
Year M ean Median Mean Median M ean Median Mean i\l edia n Mean M edian
1986 0.7 0.4 142.5 38.0 21.5 7.0 190.7 100.0 207.8 58.5
1987 0.8 0.5 278.6 78.0 18.5 9.0 195.8 125.0 299.5 110.0
1988 16.3 0.7 201.0 44.5 13.4 10.0 125.0 90.0 245 .6 50.0
1989 3.3 0.7 352 .2 98.0 57.2 15.5 161.2 80.0 323 .3 100.0
1990 22.5 10.0 516.7 100.0 16.7 10.0 36 .7 10.0 108.3 100.0
1991 10.0 10.0 239.1 100.0 262 .6 20.0 25.2 10.0 104.3 100.0
1992 10.0 10.0 11 6.7 100.0 25.8 10.0 30.8 20.0 100.0 100.0
1993 10.0 10.0 270.8 100.0 12.9 10.0 67.5 70.0 14 1.7 100.0
199... 10.0 10.0 135.0 100.0 20.5 10.0 60.5 50.0 107.5 100.0
1995 10.0 10.0 11 5.0 100.0 10.5 10.0 49.3 45.0 145.0 100.0
1996 3.6 0.1 44.7 11.0 5.6 2.5 27.5 15.0 58.6 11.0
1997 0.2 0. 1 22.4 8.0 2.3 2.0 36.8 30.0 46.7 5.0
1998 0. 1 0.1 5.2 4.0 1.7 1..0 30.5 30.0 3.1 1.0
1999 0.2 0.1 3.8 3.0 2.3 1.5 43.8 30.0 2.0 1.0
2000 0.1 0.1 4.8 4.0 1.4 1.0 35.6 30.0 2.1 2.0
2001 0.1 0.1 6.4 6.0 1.6 1.0 32 .9 30.0 2.8 2.0
2002 0.1 0.1 7.6 6.0 2.4 1.0 41.0 30.0 2.9 3.0
nit = Ilg/L
g) uspend ed sediments
From 1986 to 1989, there is an increase in the amo unt of suspended sedi ments in
the stonnwater. The highest amount is experienced in 1989 where the concentration
is over 250 mg/ L. The oth er peak is between 1993 and 1995. From 1995 onwa rds,
the amo unt of suspen ded sediments drops drama tically and thereafter remains at a
stable and low level. Medi an values of suspended sedime nts exhibit a decreasing
trend in which the va lues are lower than the mean val ue. Figure 13 shows the trends
59
of the concentration of suspended solids as repre sented by the mean and media valu es.
Suspended sed iment amount's mean and median value
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Figure 13. The mean and median for amount of suspended solids in Kai Tak
ullah from 1986 to 2002
h) Temporal trend of runoff qualit y in KN 5
The temporal trend of water quality in K 5 o f Kai Tak ullah IS show n JI1
Appendix 2.
The pH value shows a great fluctuation in term s of both the mean and medi an
(F igure 14). Th ere are two peaks, betw een 1990 and 1992, and 1994 and 1997, in
which the pH is over 8. For both terms, pH rem ains at 7.3 from the late 1990s.
The dissolved oxygen content also shows similar trends for both mean and
median (Figure 15). The maximum values are observed in the early 1990 's and in the
mid 1990's, in which the dissol ved oxygen content are over 9 mg/L. However, both
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trends show that there is a decreasing dissolved content to below 8 mg/L in the runoff
after this point in time.
KN5 pH mean and median value
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Figure 14. pH mean and median value of K1 5 from 1986 to 2002
KN5 DO mean and median
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Figure 15. DO mean and median value of K 5 from 1986 to 2002
In term s of mean and median, the trend of BOO (Figure 16) IS one of the
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decreasin g values at KJ 5. The values show that the high est BOO are from 1986 to
1987, and from 1991 to 1993, when the BOO values are over 70 mg/L. From the
mid- 1990s onwards, continuous decreasing trends are observed.
KN5 BODs mean and median value
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Figure 16. BOO mean and median value of K 5 from 1986 to 2002
With reference to Figure 17, the amount of suspended sediments reaches peaks in
1987 (over 200 mg/L) and 1994 (over 150 mg/L) in term s of the mean. In term s of
median, the peaks are between 1987 and 1988 where the values are over 100 mg/L.
However, both trends show that the amount o f suspended sediments falls and remains
at low levels from I992 onwards. The value remains at around 30 to 40 mg/L in
recent years.
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Figure 17. The mean and median for amount of suspended solids in Kl 5 from
1986 to 2002
COD shows a generally decreasing trend in term of both the mean and median
(Figure 18). The highe st values are observed in 1986 and 1987 where the values are
over 200 and 350 mg/L respecti vely for the mean.
KN5 COD mean and median vslue
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Figu re 18. CO D mean and medi an value of K 5 from 1986 to 2002
For the conce ntration o f inorganic chemica ls, the concentration of ammoniaca l
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Figure 19a. Mean and median value of NH4 concentration of KN5 from 1986 to 
2002 
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nitrogen shows a great variation in terms of both mean and median (Figure 19a). The 
peaks are in the late 1980s and late 1990s where the concentration is over 7 mg/L for 
the mean. Its concentration decreases gradually from 2000 onwards. The 
concentration of ortho-phosphate is more stable in both terms, which also shows a 
similar trend (Figure 19b). The concentration is low in the 1990s (below 1 mg/L) 
and from 1998 onwards, the concentration starts to rise. The concentration of nitrate 
nitrogen is increasing temporally in terms of both the mean and median (Figure 19c). 
It reaches the peak in 1996 where the mean value is 3.5 mg/L. Later, the 
concentration shows a little drop while the general trend in terms of the mean is 
decreasing. 
Figure 19b. Mean and median value of PO4 concentration of KN5 from 1986 to 2002
Figure 19c. Mean and median value of NO4 concentration of KN5 from 1986 to 2002
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The temporal trend for the concentration of heavy metals in KN5 is shown at
Table 7. With reference to Table 7, the trend of the Cr concentration is similar in
terms of both the mean and median. The concentration is high from 1990 to 1996
when the values observed are over 100 /xg/L. The concentration decreases from 1996
when the value remains below 3 /xg/L. The concentration of Cu has similar trends as
those of Cr in terms of the mean and median, when the highest concentration is
between 1990 and 1996, and the mean concentration drops below 5 /xg/L afterwards.
As for the concentration of Cd, its concentration (in terms of mean and median) falls
from the peak in 1990 (over 15 /xg/L) to around 0.1 /xg/L in recent years. The
concentration of Zn is also similar in terms of mean and median. The peak
concentration is in the 1987 when the values are over 130 /xg/L. In addition, a peak
in the mean concentration is observed in 1989. From 1990s onwards, Zn
concentration falls and remains below 50 /xg/L. For Pb concentration, in terms of the
mean, there is great variation in the early 1990s in which two peaks (over 60 /xg/L) are
observed. The value falls from 1991 onwards. As for the median value, a more
stable tend is observed. The concentration falls from the peak at 1987 (16 /xg/L) to
the mid - 1990s (below 2 /xg/L).
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Cdμg/L) Cu(μg/L) Pb(μg/L) Cr(μg/L) Zn(μg/L) Cr(μg/L)
Year Mean Median Mean Median Mean Median Mean Median Mean Median Mean Median
1986 0.2 0.2 32.7 17.0 8.3 6.0 19.3 3.0 85.7 80.0 19.3 3.0
1987 0.4 0.3 55.7 25.0 21.2 16.0 7.5 5.0 177.4 130.0 7.5 5.0
1988 1.0 0.3 14.2 12.0 13.0 12.0 4.3 4.0 74.7 70.0 4.3 4.0
1989 2.9 0.3 33.4 13.5 60.5 11.0 48.1 26.5 144.0 30.0 48.1 26.5
1990 15.0 15.0 100.0 100.0 10.0 10.0 100.0 100.0 10.0 10.0 100.0 100.0
1991 10.0 10.0 100.0 100.0 66.7 10.0 100.0 100.0 10.0 10.0 100.0 100.0
1992 10.0 10.0 100.0 100.0 27.5 10.0 100.0 100.0 30.0 35.0 100.0 100.0
1993 10.0 10.0 100.0 100.0 15.0 10.0 100.0 100.0 90.0 75.0 100.0 100.0
1994 10.0 10.0 100.0 100.0 12.5 10.0 100.0 100.0 40.0 20.0 100.0 100.0
1995 10.0 10.0 100.0 100.0 10.0 10.0 100.0 100.0 30.0 30.0 100.0 100.0
1996 2.6 0.1 28.0 5.5 3.5 1.5 26.3 2.0 17.5 15.0 26.3 2.0
1997 0.1 0.1 10.0 8.5 1.5 1.5 2.3 2.0 17.5 15.0 2.3 2.0
1998 0.1 0.1 5.8 4.0 2.8 1.0 4.3 1.5 32.5 25.0 4.3 1.5
1999 0.1 0.1 3.5 3.5 1.8 1.5 1.0 1.0 27.5 30.0 1.0 1.0
2000 0.1 0.1 4.8 4.0 1.3 1.0 1.8 1.5 38.3 40.0 1.8 1.5
2001 0.1 0.1 7.3 6.5 1.9 1.5 2.7 2.5 33.3 30.0 2.7 2.5
2002 0.1 0.1 8.7 6.5 1.3 1.0 2.8 3.0 35.8 30.0 2.8 3.0
Table 7. Mean and median values of the heavy metals concentrations of KN5 from 1986 to 2002
i) Summary of annual trends
Overall, the stormwater of Kai Tak Nullah has maintained its pH value which is
near to neutral. Its dissolved oxygen content is increasing steadily while the
biological oxygen demand is decreasing through time. With the exception of some
small fluctuations, the concentrations of inorganic chemicals and heavy metals also
show a general decreasing trend. The change is the most significant in the early-90s,
especially in 1990, for all parameters. As a result, we may conclude that there has
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been an improvement in the storm runoff quality of Kai Tak Nullah since the 1990s
and the trends at station KN 5 are similar to those when the data at all six stations are
considered together.
3.1.3. The wet and dry comparison
Monthly water data for all stations has been classified into dry day, semi-dry day
(with rainfall up to 0.5 mm) and wet day (rainfall greater than 0.5 mm). Comparison
is carried out using the mean, median and the frequency distribution of the data.
Appendix 3 presents the descriptive statistics.
a)pH
Figure 20 shows the distribution of pH mean values for the six monitoring
stations in the nullah on wet, semi-dry and wet days. The distribution and the modal
category show that pH does not have great variation in different weather conditions.
In terms of both the mean and median, stormwater tends to be more acidic on the dry
days (Table 8). The frequency curve is negatively skewed for dry days and both the
mean and median values are pH 7.6. For the frequency curve of semi-dry day, the
skewness is negative and the mean and median values are below pH 7.1, the lowest of
the three 'weather' categories. The frequency curve is positively skewed for the wet
day pH data. The mean and median are pH 7.4 and 7.2 respectively.
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Figure 20. pH fr equency cu rves
Tab le 8. lean and median of pH in different weathe r
' Vet day Se mi-d ry Dry days
o.ofs ample 56 13 122
Mean pH 7.4 pH 6.95 pH 7.6
Iedi an pH 7.2 pH 7.01 pH 7.6
b) Dissolved Oxygen (DO)
The dry day frequ enc y distribution is skewed negatively with the mean and
median values at around 7 mg/L (F igure 2 1). As for semi-dry days, a positi vely
skewed frequency curve is observed with mean and medi an around 5 mg/L.
Frequency distribution IS negatively skewed for we t day data, and the mean and
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median IS 7.3 and 7.2 mg/L respecti vely (Table 9) . Obviou sly, dissolved oxygen
content on the wet days is the highest with the lowest values on semi-dry days. The
lowest mean and median values on the semi-dry day may be due to the flushing effect
of surface runoff. On dry days, the low DO content may be due to the input of
pollu tants from point sources. On the wet days, dilution of stormwater in the null ah
may help to increase the oxygen content by the input of precipitation.
Dissolved Oxygen va lue distribution on Dissolved Oxygen value on se mi- dl'f
dl'f days days
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Figu re 21. DO va lue frequen cy cu rves
Ta b le 9. Me an a nd median of Dissolved Oxygen content in differen t weathe r
Wet day Se mi-d ry Dry days
No. of sa mple 56 13 122
Mean 7.3 mg/L 5. 1 mg/L 7.1 mg/L
Me d ia n 7.2 mg/L 5.6 mg/L 7.08 mg/L
c) Biological Oxygen Demand (BOO)
With reference to Figure 22, it can be observed that the frequency distr ibuti ons of
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the dry, semi-dry and wet days are all positi vely skewed. From Table 10, it can be
seen that both mean and median BOO values tend to be the highest on the semi-dry
days, follow ed by that of the dry days and then the wet days, however, the differences
are small for the median (see Table 10). As an indic ator for the concentration of
organic was te, a higher BOO value means that the river is more polluted. Flushing of
the dispersed source of pollutants is responsible for the low BOO value on wet days.
BOO tend s to be the lowest when there is a heavy rainfall since dilution of water afte r
the flushin g helps to ' clean ' the water. Effluent from the sewage treatment plant in
Sha Tin is the major source of pollution on the dry days.
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Figure 22. BOO value fr equ ency curves
Table 10. l ean and median of BOO content in different wea ther
Wet da y Semi-dry Dry days
o. of sample 56 13 122
Mean 56.7 mg/L 81.4 mg/L 60.4mg/L
Median 54.6 mg/L 57.2 mg/L 55.7 mg/L
7 1
d) Chemica l Oxygen Demand (COD)
The COD frequency distributions of the dry, semi-dry and wet days are all
positively skewed (see Figure 23). COD is the highest in dry days, with semi-dry
day in the middle and wet day distribution is the lowest, as show n in Figure 17. The
mean values are greater than the median values while the moda l values exhibit only
sma ll di fferences (Table 11 ).
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Figure 23. COD value frequ ency curves
Table 11. Mean and median of COD content in different weathe r
\Vet day Semi-dry Dry days
No. of sample 56 13 122
Mean 136.5 mg/L 146 mg/L 147.1 mg/L
Median 70.5 mg/L 83.2 mg/L 104.7 mg/L
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e) Inorganic chemicals
Frequency distribution curves for ammoniacal nitro gen show a range of results
(Figure 24). On dry days, the frequency distribution IS positi vely skewed. The
median and mean are around 7.1 mg/L and 6 mg/L respecti vely. Frequency
distribution is negatively skewed on semi-dry days for which the mean and median are
6.4 and 6 mg/L respectively. On the wet days, the skewn ess is positive and the mean
and median are betw een 5.8 and 6 mg/L respectively. So, the concentration of
ammoniacal nitro gen IS highest on dry days whilst the lowest concentration IS
observed on the wet days.
Table 12. Mean and median of 1 H4 concentration in different weather
Wet day Semi-d ry Dry days
o.of sample 56 13 122
l ean 5.8 mg/L 6.4 mg/L 7.1 mg/L
Median 6 mg/L 6 mg/L 6 mg/L
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Frequ enc y distribution curves of ortho-phosphate are shown in Figure 25. The
frequency distributio ns are all positively skewed on dry, semidry and wet days. The
mean and median values on dry day are ove r 2.1 and 2.2 mg/L respectively. As for
semi-dry day, the mean is 1.3 mg/L and the median is 0.9 mg/L. On the wet days, the
mean and median values are 1.2 and 1.8 mg/L respec tive ly, revealing little varia tion
based upon wea ther/runoff conditions.
Table 13. Mean and median of P04 concentration in different weather
\Vet day Semi-dry Dry days
1 o. of sample 56 13 122
Mean 1.2 mg/L 1.3 mg/L 2.2 mg/L
Median 1.8 mg/L 0.9 mg/L 2.4 mg/L
mg/ L
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Positi ve skew ness IS observed on the distrib ution of nitrate nitrogen for dry,
semi-dry and wet days as show n in Figure 26. The mean and median values are the
lowest on semi-dry days with va lues of 1.9 and 1.8 mg/L respect ively. Average
concentration of nitrate-nitro gen is similar on bot h dry and wet days. Mean is 2.3
mg/ L and median 2.4 mg/L on dry da ys, whi le the mean is 2.8 mg/L and the median is
2.6 mg/L on wet days.
Table 14. Mean and median of N0 3 concentration in different weathe r
\Vet day Semi-dry Dry days
o. of sample 56 13 122
Me an 2.8 mg/L 1.9 mg/L 2.3 mg/L
Iedian 2.6 mg/L 1.8 mg/L 2.4 mg/L
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The effect of dilution on inorganic chemicals concentration can be observed.
The concentrations are highest on dry day when there are accumulation inorganic
chemical from point source disposal of pollutants. Concentration tends to decrease
when there is an increase in precipitation, with the values being higher on semi-dry
days due to the flushing effect. Dilution on wet and hence rainstorm day helps to
lower the chemical concentration to the lowest level of the three runoff/weather
categories.
f) Heavy metals
Chromium's frequency distributions are positively skewed on all kinds of weather
conditions (see Figure 27). The mean and median are 95.6 and 101.2 /xg/L on dry
days, 129.1 and 153.3 /xg/L on semi-dry days, and 114.0 and 79.7 /xg/L on wet days.
Table 15. Mean and median of Cr concentration in different weather
No. of sample
Mean
Median
Wet day
56
114jLig/L
79.7 /xg/L
Semi-dry
13
129.1 ixg/L
153.3 /xg/L
Dry days
122
95.6 /xg/L
101.2 /xg/L
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Figure 27. e r fr equency distribution curves
Referring to Figur e 28, cadmium 's frequency distributions are also positively
skewed for the three kinds of weather conditions. Cadmium conce ntration IS the
highest on semi-dry day in mean (7.7 p.g/L ) and median terms (7.6 p.g/L ), followed by
wet days conce ntration where the mean is 6.9 p.g/ L and the median is 6.6 p.g/L), and
then the dry days concentra tion with a mean of 6.3 p.g/ L and a media n of 6.4 p.g/L.
Tab le 16. M ea n and median of Cd concen t ration in di fferent wea ther
Wet day Semi-d ry Dry days
No. of sample S6 13 122
Mea n 6.9 p.g/ L 7.7 p.g/L 6.3 p.g/L
ledi an 6.6 p.g/L 7.6 p.g/L 6.4 p.g/L
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Figure 28. Cd frequency distribution curves
The frequ enc y distributions for lead are all positively skewed for the three
categories of weather conditions (F igure 29). On semi-dry days, the mean and
median are 70.2 /lg/L and 82 /lg/L respectively, much higher than for other categories .
On wet days, the mean is 34.8 /lg/L and the median is 30.2 /lg/ L. Th e mean and
median are 39 .9 and 38.4 /lg/L respectively on dry days.
Table 17. Mean and median of Pb conce nt r ation in different wea the r
Wet day Semi-d ry Dry days
o.of sample 56 13 122
Mean 34.8 /lg/ L 70.2 /lg/L 39.9 /lg/L
Me d ian 30.2 /lg/L 82 /lg/L 38.4 /lg/L
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The frequ enc y distribution curves of copper concentration on dr y, semi-dry and
wet days are positi vely skewed (Figure 30). Th e mean and medi an on dry day are the
lowest with va lues of 75 .6 and 78 .3 p.g/L respecti vely. Higher conce ntration IS
obse rved on wet days where the mean ancl meclian values are 76.7 and 79 .9 p.g/L
respec tively. The highes t mean and medi an values are in the semi-dry clay with the
values 119.4 and 87 .4 p.g/L respecti vely.
Tab le 18. Mea n and median of C u conce nt r at ion in different weathe r
Wet day Se mi-d ry Dr y da ys
o. of sa mple 56 13 122
Mean 76 .7 p.g/L 119.4 p.g/L 75.6 p.g/ L
ledian 79.9 p.g/L 84.7 p.g/L 78.3 p.g/L
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Figure 30. Cu frequ ency distribution curve
Similarly, distribution curve of zinc concentration on dry, and wet days are
positively skewed while that on the semi-dry day is negatively skewed (see Figure 31).
The mean and median values are 72.3 and 70 JLg/L respectively on semi-dry day. On
dry days, the mean is 82.5 JLg/L and the median is 64.8 JLg/L. On wet days, the mean
is 82.2 JLg/L and the median is 71 .3 JLg/L.
Ta ble 19. M ean and median of Z n conce ntrat ion in diffe rent weat he r
Wet da y Semi-dry Dry days
o.of sample 56 13 122
Mean 82.2 JLg/L 72.3 JLg/L 82.5 JLg/L
Icdian 71.3 JLg/L 70 JLg/L 64.8 JLg/L
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Figure 31. Zn frequency distribution curves
Genera lly, heavy metals concentra tion is the highest when the flushing effect is
the rnaxrmum, that IS, on the semi-dry days. Further dilution by the rainwater
decreases the conce ntration of heavy metals such that wet days exhibit lower
concentrations than observed on semi-dry days. On dry day, the lowest concentration
of heavy metals is observed. This may be due to the lack of as input from nonp oint
source pollutant s. An op posite trend is observed in Zinc concentration. It may due
to the fact that ZIIl C concentration IS high III the sewage from the treatm ent plant,
which is then being diluted with the additio n of rain fall on wet days.
g) Suspended Sol ids
The frequency distribution of suspended solids is positively skewed in the three
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categories of weather condi tions, as shown in Figure 32 . The mean and median valu e
o f the conc entration of suspended solids on dry days IS 8 1.6 and 56.5 mg/L
respecti vely. On semi-dry day, the mean and median values are 78.4 and 79 .9 mg/L
respecti vely. On the wet days, the mean is 148.7 mg/L and the median is 112.5 mg/L.
The increase in concentration with increasing precipitation is largely due to flushing in
of sediment s from the streets.
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Table 20. Mean and median of suspe nde d solids content in different weather
\Vet day Se mi-d ry Dry days
No. of sa m ple 56 13 122
M ean 148.7 mg/L 78.4 mg/L 8 1.6 mg/L
M edian 11 2.5 mg/L 79.9 mg/L 56.5 mg/L
h) Wet-dry comparison for the primary data
The data of the 71 samples has been categorized, and the mean and median
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values have been calculated for the wet, semi-dry and dry comparison, as shown in
Tabl e 21. In terms of mean and median, pH is the high est on the semi-dry day
(around pH 7.37, Table 21). Th e value is lower on the dry da ys and the lowest pH
was observed on the wet da ys (around pH 7.18).
Table 2I. ' Vet - d ry co mparison of the primary data.
Water Conduct
Samp le Leve l N0 3•• N P043• NH 3'-N -ivity BOO
no. (cm) (mgll) (mg/I) (mg/I) pH (mS/cm) (mg/I) SS Cr Cu Cd Pb Zn
DRY Mean 29.00 5.52 4.49 1.20 7.33 16.68 4.17 39.52 0.05 0.05 0.03 0.26 0.08
SD 7.77 0.98 1.32 1. 78 0.25 1.11 1.73 51. 79 0.01 0.02 0.01 0.03 0.02
Median 28.30 5.65 4.33 0.59 7.23 17.05 4.29 19.05 0.05 0.04 0.03 0.27 0.07
IQR 15.15 1.59 0.89 0.35 0.15 1.38 2.02 14.10 0.01 0.03 0.01 0.04 0.02
SEM I-
DRY Mean 30.83 5.06 6.42 0.29 7.38 17.87 N/A 16.53 O. N/A 0.05 N/A 0.10
SD 2.48 0. 67 0.55 0.07 0.02 0.30 N/A 1.S8 0.00 N/A 0.00 N/A 0. 00
Median 31.50 4.96 6.70 0.28 7.37 17.82 N/A 16.40 0.04 N/A 0.05 N/A 0.10
IQR 2.50 0. 73 os. 0.13 0.02 0.40 N/A 1.67 0.00 N/A 0.00 N/A 0.00
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Conductivity reveals similar values on both dry and wet days (Table 21). The mean
is 16.68 mS/cm and the median is 17.05 mS/cm on dry days while the mean is 16.96
mS/cm and the median is 17.08 mS/cm on wet days. The values are the greatest on
semi-dry days, with mean and median of 17.87 mS/cm and 17.82 mS/cm respectively,
indicating a higher dissolved solids content, possibly from pollution.
No BOD values on the semi-dry days are available. However, the data shows
that BOD on dry days was greater than that on wet days for both mean and median
(Table 21).
The concentration of nitrate nitrogen is the highest on dry days with mean and
median values of 5.52 and 5.65 mg/L respectively, whilst the equivalent values on
semi-dry days were 5.06 mg/L and 4.96 mg/L respectively (Table 21). Mean (4.92
mg/L) and median (4.63 mg/L) were the lowest on the wet days. The concentration
of ortho-phosphate is the highest on semi-dry days (the mean is 6.42 mg/L and the
median is 6.7 mg/L, Table 21). The concentration on wet days was lower with a
mean of 4.82 mg/L and a median of 5.15 mg/L. The lowest ortho-phosphate
concentrations are on the dry days when the mean and median were 4.49 and 4.33
mg/L respectively. As for the concentration of ammoniacal nitrogen, the lowest
concentration was observed on the dry days when the mean and median are around
0.29 mg/L (Table 21). The concentration is higher on semi-dry days with mean and
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median values of 0.61 and 0.35 mg/L respectively. The highest concentration is on
the wet days (mean 1.2 mg/L, and the median 0.59 mg/L).
For the heavy metals concentrations, the variations observed were small (Table
21). Cr concentrations are highest and similar on wet and dry days in which the
mean and median are 0.05 mg/L under both weather conditions. The mean and
median values on the semi-dry days are 0.04 mg/L. Moreover, Zn concentrations on
wet (mean 0.08 mg/L and the median 0.09 mg/L ) and dry days (mean 0.08 mg/L and
the median 0.07 mg/L) are similar. On the semi-dry days, both mean and median
values are 0.1 mg/L (Table 21). For both Cu and Pb concentrations, the values are
similar on both wet and dry days in terms of mean and median (Table 21). The
concentration of Cd reveals that the highest concentration is on the semi-dry days in
both mean and median terms. The values are lower on the wet days and they reaches
the minimum value on dry days, as shown in Table 21.
The highest mean value (39.52 mg/L) is on the dry days for suspended sediments
(Table 21). The value is lower on the wet days with 23.55 mg/L. On semi-dry days,
the value is 16.53 mg/L. In terms of median, wet days have the highest value of 20
mg/L whilst on dry days it is 19.05 mg/L and the value is 16.04 mg/L on semi-dry
days (Table 21).
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i) Summary of the wet-dry comparison
Table 22 provides the summary of the difference in water quality between dry,
semi-dry and wet day as measured by the EPD data and the primary data. By this
comparison, it may be concluded that stormwater quality is generally more polluted
when there is the flushing effect of rainfall, that is, the flushing in of pollutants with
the storm runoff and rainwater input. The notable exception is the inorganic nutrients
which exhibited the highest levels on dry days.
Table 22. Summary of the wet-dry comparison
Parameters
pH
DO
BOD
COD
Heavy Metals
Inorganic
Chemicals
Suspended
Solids
Weather Condition
Dry
Similar
Intermediate
Intermediate
to lowest
Intermediate
to lowest
Lowest
Highest
Intermediate
Semi-dry
Similar
Lowest
Highest
Highest
Intermediate
Intermediate
Intermediate
Wet
Similar
Highest
Lowest
Lowest
Intermediate
Lowest
Highest
For the primary data, there is less variation in all water quality parameters.
However, the trend is consistent with the trend observed from the EPD data. Despite
the small range of concentration, it also shows different trends for the parameters.
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For example, the peak concentration of various kinds of inorganic chemicals and
metals are observed during different weather condition. However, generally, water
quality tended to be worse on semi-dry days and on dry days than on wet days.
3.2. Runoff analysis
Due to the relatively dry summer, safety considerations during thunderstorms and
absence to attend the overseas field-trip, the sampling period obtained 7 storms with
which to investigate storm period trends in water quality. These can be classified into
those storms with a water level difference of less than 5 cm (small) and those with
stage changes in excess of 5 cm (large storms), as shown in Table 23.
Table 23. The category of the storms
Small storm
Storm
3
4
5
7
Change in water level
5 cm
3 cm
1.7 cm
2.8 cm
Large storm
Storm
1
2
6
Change in water level
8.4 cm
18.1 cm
7 cm
3.2.1. Storm period variation in water quality: small storms
i) Storm 3 - 23/6/2004
Four samples were collected, one of which (JK 032) was taken during the rainfall.
Rainfall on that day started at 0750 and ended at 0808 hours and it was therefore a
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short duration rainstorm. At the time of the first sample, water level was low, only 19
cm, and it reached the peak at 24 cm when the rain stopped. pH value increased to
pH 7.16 with the rise in water level 17 minutes from the onset of rainfall. Later, pH
dropped with the falling water level (see Figure 33). The amount of suspended
sediment was high (25.5 mg/L) when ramfall started. However, the peak amount of
52.5 mg/L was experienced 17 minutes after the end of the rainfall and just after the
peak water level. As for conductivity, the value was highest at 17.13 mS/cm with the
onset of precipitation. When the rainfall ended and water level continues to fall,
conductivity fell also (Figure 33), exhibiting dilution as the event progressed.
The concentration of the heavy metals (see Figure 34) showed two different
trends. The concentrations of cadmium, copper, lead and zinc exhibited an
increasing trend, while the concentration of chromium generally decreased through the
storm event. It implies the first flush effect on the one hand (increase) and shows the
effect of dilution (decrease) on the other hand, when water level increased. However,
the changes in concentration were very small (Figure 34).
For the concentration of the inorganic chemicals, generally speaking, only for
NH3 -N might it be argued for a decline in concentration from 1.4 to 1.01 mg/L. For
NO3 and PO3 the concentration remained constant (Figure 35).
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Storm 3 water level and the concentration of inorganic chemicals
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Figure 35. Storm 3 hyd rograph and inorganic chemicals concentration
Table 24. Results of Storm 3
Water C ond uct-
Sample Level ' ° 3-- PO/ NH3--N ivity SS C r C u C d Pb Z n
Time 110. (cm) (m g/L) (mg/L) (mg/L) pH (m S/cm) (mg/L) (J.!g/L) (J.!g/L) (J.!g/L) (J.!g/L) (J.!g/L)
0755 JK032 19 4.63 6.13 1.40 7.06 17.13 28.84 0.046 N/A 0.029 0.260 0.076
0810 JK033 24 4.48 6.13 1.16 7.09 16.97 22.29 0.047 N/A 0.028 0.282 0.072
0825 JK034 22 4.03 6.13 1.05 7.16 16.96 52.50 0.047 N/A 0.030 0.288 0.071
0842 JK035 21 4.13 5.90 1.01 7.12 16.85 33.33 0.043 N/A 0.030 0.293 0.073
Water
Level N0 3-- N PO/ NH3--N Conductivity SS C r u C d Pb ZIl
(cm) (mg/L) (mg/L) (mg/L) pH (mS/cm) (mglL) (J.!g/L) (J.!g/L) (J.!g/L) (J.!g/L) (J.!g/L)
Mean 2 1.5 4.3 6.1 1.2 7.1 17.0 34.2 0.04 NA 0.03 0.3 0.1
SO 2. 1 0.3 0.1 0.2 0.0 0.1 13.0 0.0 NA 0.0 0.0 0.0
Median 21.5 4.3 6. 1 1.1 7.1 17.0 31.1 0.04 NA 0.03 0.3 0.1
IQR 2.0 0.4 0.1 0.2 0.0 0.1 10.9 0.0 NA 0.0 0.0 0.0
/A= not available
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ii) Storm 4 - 28/6/2004
In storm 4, 7 samples have been collected. Two sam ples, JK 036 and JK 037 ,
were co llected before the rain started and hel p define pre-storm condi tions. The
storm started at I :55 pm and ended in 2: 15 pm . The variation of wa ter qu alit y is
shown in Table 25.
Tab le 25. R esult of Stor m 4
\Vater Conduct-
Sample Level N03' - N PO~3- NH3'-N ivity SS Cr Cu Cd Pb Zn
Time no. (cm) (mg/L) (mg/L) (mg/L) pH mS/cm) (mg/L) (ltg/L) (ltg/L) (ltg/L) (ltg/L) (ltg/L)
0830 JK036 18 4.60 7.70 0.87 7.20 17.06 71.43 0.051 N/A 0.035 0.315 0.078
0830 JK037 18 4.20 7.75 0.91 7.23 17.11 26.73 0.051 N/A 0.034 0.313 0.078
1350 JK038 30 5.00 5.30 0.41 7.19 17.45 18.51 0.058 N/A 0.037 0.347 0.094
1405 JK039 30.2 4.70 5.23 0.51 7.18 17.00 21.62 0.052 N/A 0.039 0.372 0.095
1420 JK040 33 4.60 5.18 0.48 7.21 16.58 26.60 0.060 N/A 0.040 0.387 0.106
1435 JK041 31.4 4.53 5.10 0.38 7.24 17.04 20.81 0.063 N/A 0.041 0.407 0.090
1450 JK042 30.6 4.90 5.15 0.34 7.38 17.29 28.00 0.048 N/A 0.044 0.426 0.095
Water
Level N0 3- PO/ ' NH3'-N Conductivit SS Cr Cu Cd Pb Zn
(cm) (mg/L) (mg/L) (mg/L) pH y (mS/cm) (mg/L) (ltg/L) (ltg/L) (ltg/L) (ltg/L) (ltg/L)
Mean 27.3 4.6 5.9 0.6 7.2 17.1 30.5 0.1 NA 0.04 0.4 0.1
SO 6.4 0.3 1.2 0.2 0.1 0.3 18.4 0.0 NA 0.0 0.0 0.0
Median 30.2 4.6 5.2 0.5 7.2 17.1 26.6 0.1 NA 0.04 0.4 0.1
IQR 7.0 0.2 1.3 0.3 0.0 0.2 6.2 0.0 NA 0.0 0.1 0.0
N/A= not available
In this storm, wat er level changed with the regim e of rainfal l. Water level
increased when the storm sta rted and this was also when the pH value showed a drop
to pH 7. 18 (Table 25) . However, there was an increase in alkalin ity from pH 7.18 to
pH 7.21 when the storm ended. In this storrn , pH tended to response to the water
9 1
level adversely (Figure 36). The amount of suspended sediments was relatively
constant during rainfall being between 18.5 to 28 mg/L. At the beginning of the
rainfall, conductivity tended to increase with the initial rise in water level. Later,
conductivity was negatively related to the water level (see Figure 36) and reached a
minimum value of 16.58 mS/cm at the peak of water level. However, the range in
value was very small (17.45 to 16.58 mS/cm).
The concentration of the heavy metals showed an increase in the first 20 minutes
of the storm (Table 25). The peak concentrations were 0.064 jLtg/L, 0.04 jLtg/L, 0.426
jttg/L and 0.106 /xg/L for Cr, Cd, Pb and Zn respectively, however change over
pre-storm values were small in terms of concentration. Pb is of interest for it showed
a persistent increasing trend throughout the storm event (Figure 37). However, the
variation in the concentration was small of all metals (Figure 37). The concentration
of the inorganic chemicals fell, when rainfall stopped and when the water level
dropped (see Figure 38). The fall was the greatest for the concentration of
nitrate-nitrogen, which was over 0.3 mg/L.
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Storm 4 water level and inorganic chemicals concentration
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iii) Storm 5 - 3/7/2004
Three samples have been taken after the lessening of the thun derstorm, as
shown in Table 26.
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Table 26. Resu lt of Storm 5
' Va ter Cond uct-
Sa m ple Level N0 3-- N PO /" NH3-- 1 ivity S C r C u C d Pb Z n
Time no. (cm) (mg /L) (mg /L) (mg /L) pH mS/cm) (mg /L) (JLg/L) (JLg/L) (JLg/L) (JLg/L) (JLg/L)
1435 JK050 28 .7 5.93 4.50 0.42 7.13 18.10 19.79 0.056 N/A 0.052 N/A 0.11 6
1500 JK051 29.3 6.95 5.28 0.59 7.10 18.36 61 .24 0.038 N/A 0.052 N/A 0.11 8
1520 JK052 30.4 6.88 5.10 0.58 7.07 18.33 20.2 1 0.041 N/A 0.051 N/A 0.108
Water
Level N0 3-- PO/ - NH 3--N Conductivity SS Cr Cu Cd Pb Zn
(cm) (mg/L) (mglL) (mg/L) pH (mS/cm) (mglL) (JLg/L ) (JLg/L ) (JLg/L) (JLgfL) (JLgfL)
Mean 29.5 6.6 5.0 0.5 7.1 18.3 33.7 0.04 A 0.1 A 0.1
SO 0.9 0.6 0.4 0.1 0.0 0.1 23.8 0.0 A 0.0 A 0.0
Median 29.3 6.9 5.1 0.6 7. 1 18.3 20.2 0.04 A 0.1 A 0.1
IQR 0.9 0.5 0.4 0.1 0.0 0.1 20.7 0.0 NA 0.0 A 0.0
/A= not ava ilable
It reveals that water level was nsmg since rain fall was con tinuous. With
referenc e to Figure 39, pH value was fallin g from pH 7. 13 to pH 7.07, negatively
related to the change in wa ter level. For the amount of suspended sediments, with
the exception of the result at 1500, the amo unt was also increasin g wit h the rise in
water level. Conductivi ty rose with the increase in water level in the earl ier period ,
but subsequently, conducti vity fell despit e the rise in wa ter level (F igure 39).
The concentration o f heavy metals genera lly dropped. The drop in chromium
and zinc concentrations was the most notic eable and generally dropped over 0.0 IJ1.g/L.
The falling trend was experienced because the pollutant s have already been washed
out once the thu nderstorm started (Figure 40). As for the concentration of inorganic
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chemica ls, the value was increasing with the n sing wa ter level. Espec ially
noteworth y was the fact that the concentration o f nitrate-nitrogen rose over I mg/ L
(Figure 41 ).
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iv) Storm 7 - 27/8/2004
Table 27 shows the results of Storm 7. Rainfall on that day began at 4:32 pm
and stopped at 6 pm . A pre-storm sample (JK 069) was co llec ted.
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Table 27. Resul t of Stor m 7
' Va ter Co ndu-
Sa mp le Level N0 3-- N PO/" NH3--N tivity SS C r C ll C d I'b Zn
T ime no. (cm) (mg/L) (mg/L) (mg/L) pH n S/cm) (mg/L) (JLg/L) (JLg/L) (JLgfL) (p g/I.) (p g/I.)
1300 J K069 45 5.53 4.58 0.34 7.14 15.82 16.12 N/A N/A N/A N/A N/A
1645 J K070 47 10.20 5.75 0.40 7.06 15.66 12.45 N/A N/A N/A N/A N/A
1700 J K071 47 .8 9.60 5.68 0.36 7.05 15.51 14.58 N/A N/A N/A N/A N/A
Wa ter Conducti
Level N0 3-- T PO/" TH3--N vity SS C r Cu Cd Ph Zn
(cm) (mg/L) (mg/L) (mgIL ) pH (mS/cm) (mglL) (JLg/L) (JLg/L) (JLgfL) (JLgfL) (JLg/L)
Mean 46 .6 8.4 5.3 0.4 7. I 15.7 14.4 NA NA NA NA NA
SO 1.4 2.5 0.7 0.0 0.0 0.2 1.8 NA A A A A
ledian 47.0 9.6 5.7 0.4 7. I 15.7 14.6 A A A A A
IQR 1.4 2.3 0.6 0.0 0.0 0.2 1.8 A A A A A
/A= not available
Water level increased by 2.8 cm in this storm eve nt. pH was high (pH 7.14)
before the rain and it decreased with the rise in wa ter level (Figure 42 ). Conductiv ity
showed littl e fluctu ation , ranging between 15.82 to 15.51 mS/cm , with a negative
relationship with water level (Figure 42) .
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Figure 42. T he changes in pH , cond uct ivity and water level in Storm 7
Th e amount o f suspended sediment was low at the beginning of the rain fall
(12.45 mg/L) . Th e highest amo unt was observed at the first 15 minutes of the
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rai nfall event, then, the value decreased. The concentrations of inorganic chemicals
were highest at the be ginning of the storm with values 10.2, 5.75 and 0.4 mg/L for
nitrate-nitrogen, ortho-phosphate and ammoniacal nitrogen respectively. Th e
concentrations of these ch emicals remained relativel y stable with the continuous rise
in water level (Figure 43 ).
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Figure 43. C once nt r a t ion of inorganic ch emicals in sto r m 7
With respect to the larger storms (i.e. tho se with water level changes in excess o f
5 mm), the first storm was that of 6th June 2004.
3.2.2. Stor m period va r ia t ion in water quality : large stor ms
i) Storm I - 6/6/2004
The storm started at 15:45 and stopped at 16: 12 hours. Six samples have been
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collected, as shown in Table 28 with three samples (JK 015, 016 and 017) being taken
before the rain started and two samples were collected after the rainfall had ceased.
It is observed that water level rose continuously from 25.6 to 34 cm since the
beginning of rainfall (Table 28). The pH value was close to the neutral state (pH 7.05)
before the rainfall and when the water level was low. After it began to rain, pH
tended to rise with the water level (Figure 44). pH value started to fall from the peak
of pH 7.23 when rainfall stopped.
The concentration of ammoniacal nitrogen, ortho-phosphate and nitrate-nitrogen
showed a well-developed falling trend at the beginning of the rainfall, especially for
the concentration of ortho-phosphate which fell from 5.26 mg/L to 2.96 mg/L (see
Figure 45) and NH3 declined from 1.29 mg/L to around 0.56 mg/L.
Conductivity showed a marked rise with the increase in water level when rainfall
started at 16:00 (see Figure 44). It rose to the peak value of 19.26 mS/cm in 15
minutes when there was a rise in water level. Once rainfall stopped, conductivity fell
again while the water level remained high.
In terms of heavy metals for Cr, Cu, Cd and Pb, Table 27 shows that there appears
to be little change from no rain to samples collected during rainfall. Only Zn shows
some evidence for a decline in concentration at the end of the storm (Figure 46).
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Figure 46. Concentration of heavy metals in Stor m 1
In the case of suspended solids, the amount of sediment fell markedly from 28.7
to 16.38 mg/L at the beginning of the rainfa ll when there was an Increase In
stormwater input (Table 28). The decreasing trend slowed down when there was a
continuous nse In water level but values remained well below pre-storm
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concentrations.
Table 28. Results of Storm 1
Water C ond ucti
Sa mp le L evel N0 3-- N PO/ NH 3--N vity SS C r C u C d Pb Z n
T ime no. (c m) (mg/L) (mg/L) (mglL) pH (mS/cm) (mglL) (JLg/L) (JLg/L) I{JLg/L) (JLglL) (JLg/L)
0910 JK0 15 25.6 4.75 5.38 1.37 7.06 18.23 27.71 0.053 0.031 0.028 0.273 0.068
~9 10 JK016 25.6 5.03 5.34 1.47 7.02 17.12 28.25 0.051 0.030 0.025 0.271 0.057
~910 JK017 25.6 5.28 5.26 1.29 7.07 17.02 28.70 0.051 0.031 0.020 0.207 0.044
1600 JK018 28.7 4.95 2.96 0.56 7.23 18.80 16.38 0.057 0.069 0.025 0.238 0.061
1615 JK019 31.72 5.50 3.12 0.56 7.21 19.26 15.71 0.05 1 0.031 0.024 0.226 0.043
1630 JK020 34 5.50 3.14 0.55 7.17 18.37 14.95 0.050 0.029 0.022 0.237 0.042
Water Conducti
Level 0 3-- Po.t H3-- v-ity SS Cr Cu Cd Pb Zn
(cm) (mgIL) (mgIL) (mgIL) pH (mS/cm) (mgIL) (JLglL)(JLglL)(JLg/L) (JLg/L) (JLg/L)
Mean 28.5 5.2 4.2 1.0 7.1 18.1 21.9 0.1 0.04 0.02 0.2 0.1
SO 3.6 0.3 1.2 0.5 0.1 0.9 6.9 0.0 0.02 0.0 0.0 0.0
Median 27.2 5.2 4.2 0.9 7.1 18.3 22.0 0.1 0.03 0.02 0.2 0.1
IQR 5.4 0.5 2.2 0.8 0.1 1.3 12.2 0.0 0.0 0.0 0.0 0.0
NIA= not available
v) Storm 2 - 16/612004
Rainfall started at 09:58 and ended at 10:23 hours. Seven samples have been
taken (see Table 29) in which JK 025 and JK 026 are pre-rain samples and 3 were
' after-rain' samples. The nullah experienced a dramatic fluctuation in water level
between 25.6 and 43.7 cm. A marked rise in water level was observed at the
beginning of the rainfall. Once the rain stopped, the rate of increase slowed down.
The pH value also showed a marked rise from pH 7.14 to 7.22 with the initial rise in
water level. However, the relation between pH value and water level tended to be
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negative at the end of the rainfall event (Figure 47) for as stage declined, pH rose.
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Figure 47. Storm 2 hydrograph and pH/conductivity
For the amount of suspended sediments, no real trend can be observed.
Variability is perhaps the most marked characteristic of the data, both pre-storm and
within storm.
Except for the concentration of nitrate-nitro gen which showed a slightly
increasing trend from 3.68 to 5.5 mg/L, the concentrations ortho-phosphate and
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ammoniacal nitrogen generall y fell when rainfall started , as a result of dilution (refer
to Figure 48). In contrast, N03 - N showed some evidence of enhanced levels during
the storm (Figure 48) .
Conductivity evidenced no well-developed trend during the storm , ranging only
from 15.86 to 16.59 mS/cm during the event (see Figure 47).
As for the heavy metals (referring to Figure 49), Zn and Pb evidenced an increase
at the end of the sampling period and in comparison to pre-stonn levels whilst Cr
evidenced a small decline after rainfall. From pre-storm values , Cd exhibited no
obvious trend (Figure 49).
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Storm 2 concentration of heavy metals
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Table 29. Results of Stor m 2
Water Condueti
Sample Level ~03-- N PO} - NHJ--N vity SS Cr Cu Cd Pb Zn
Ir ime no. (cm) (mg/L) (mg/L) (mgIL) pH (mS/cm) (mgIL) (JLg/L) (JLglL ) (JLgIL) JLgIL) (JLgIL)
0903 JK025 25.6 3.68 4.52 0.90 7.16 15.98 18.99 0.051 0.068 0.021 0.189 0.043
0904 JK026 25 .6 3.67 4.46 0.94 7.14 15.88 37 .80 0.051 0.02 8 0.028 0.183 0.058
1003 JK027 37.4 3.80 3.70 0.69 7.22 16.23 17.14 0.054 0.028 0.028 0.180 0.059
1017 JK028 43.7 4.03 . 3.36 0.64 7.21 15.86 19.33 0.044 N/A 0.022 0.190 0.071
1030 JK029 42.4 . 4.15 3.24 0.58 7.14 15.99 20.00 0.044 N/A 0.022 0.215 0.084
1100 JK030 35 .7 4.17 3.46 0.54 7.22 16.41 14.23 0.047 N/A 0.023 0.218 0.070
11 30 JK03 1 34.6 5.50 3.44 0.53 7.23 16.59 33.67 0.047 N/A 0.026 0.25 0.071
Water Pb
Level NOJ-- N PO/ - NHJ--N Conductivity SS Cr Cu Cd (JLg/ Zn
(cm) (mgIL) (mgIL) (mgIL) pH (mS/cm) (mglL) (JLgIL) (JLgIL) (JLg/L) L) (JLgIL)
Mean 35.0 4.1 3.7 0.7 7.2 16.1 23.0 0.05 0.04 0.02 0.2 0.1
SO 7.2 0.6 0.5 0.2 0.0 0.3 9.0 0.0 0.02 0.0 0.0 0.0
Median 35.7 4.0 3.5 0.6 7.2 16.0 19.3 0.05 0.0 3 0.02 0.2 0.1
IQR 9.8 0.4 0.7 0.2 0.1 0.4 8.8 0.01 0.02 0.01 0.0 0.0
NIA= not available
106
vi) Storm 6 - 12/7/2004
A total of four samples have been collected. Rainfall on the storm day started at
7:45 am and ended in 8:25 am.
It is observ ed that there was only a slight fluctuation in water level from 27 to 34
cm (Table 30). The pH value and conductivity generally declined through the event
(Figure 50). The amount of suspended sediments showed the greatest value of 19
mg/L at the beginning of the rainfa ll but there was generally little change throughout
the stonn event (Table 30).
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Figure 50. Storm 6 hydrograph and pH/conductivity
In general N0 3 and P04 exhibited no pronounced trend or fluctuation of
concentrations in the storm (Figure 51). There was some evidence of NH3 increasing
throughout the storm with the first value in the sequence being 0.24 mg/L and the final
storm value being 0.37 mg/L. How ever, the concentration of heavy metals showed
various trends (Figure 52) . There was an increasing trend for the concentration of
chromium, from 0.039 to 0.045 f.!g/L. The concentration of zinc and cadmium were
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relatively stable at about 0.1 j.tg/L and 0.05j.tg/L , resp ectively.
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Figure 51. Storm 6 hydrograph and inorganic chemicals concentration
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Table 30. Result of Storm 6
Water Conduct-
Sample Level N0 3--N PO/ NH3--N ivity SS Cr Cu Cd Pb Zn
Time no. (cm) (mg/L) (mglL) (mg/L) pH mS/cm) (mgIL) (JLglL) (JLgIL) JLgIL) (JLglL) (JLg/L)
0755 JK059 27 4.85 6.75 0.24 7.39 18.27 19.00 0.039 N/A 0.052 N/A 0.096
0810 JK060 29 5.58 6.90 0.36 7.37 18.18 16.67 0.043 N/A 0.052 N/A 0.096
0820 JK061 32 4.68 6.80 0.32 7.35 17.81 13.54 0.045 N/A 0.045 N/A 0.097
0830 J K062 34 5.08 6.65 0.37 7.36 17.82 17.96 0.047 N/A 0.053 N/A 0.096
Water
Level N0 3-- N PO.t NH 3--N Conductiv ity SS Cr Cn Cd Pb Zn
(cm) (mgIL) (mgIL) (mglL) pH (mS/cm) (mglL) (JLglL) (JLgIL) (JLgIL) (JLglL) (JLgIL)
Mean 30.5 5.0 6.8 0.3 7.4 18.0 16.8 0.04 NA 0.1 NA 0.1
SD 3.1 0.4 0.1 0.1 0.0 0.2 2.4 0.0 A 0.0 NA 0.0
Median 30.5 5.0 6.8 0.3 7.4 18.0 17.3 0.04 NA 0.1 NA 0.1
IQR 4.0 0.4 0.1 0.1 0.0 0.4 2.3 0.0 NA 0.0 NA 0.0
NIA= not avai lable
3.2.3. Summary of water quality in the rainstorm events
Except for some ex treme data, the change o f water quality during storm events is
generalized as follows:
pH tended to fluctuate with the storm events. The va lue rose at the beginning of
the rain fall. This may due to the input of polluted storm surface runoff at the
beginning of the storm event. When precipitation declined and when water level
continued to rise , pH value fell gradually, at the time when the runoff was being
di luted by the input of rainfall and storm runoff. In summary, pH was positively
related to water level at the beginning of the storm event and was negati vel y related to
water level when rainfall stopped.
109
The amount of suspended sediments was low at the beginning of the rainstorm
event when the sources of sediments were limited. When rainfall continued, storm
surface runoff carried sediments from dispersed sources into the channel. In fact, the
amount of suspended sediments was dependent on the water level in which they
experienced positive relationship, since more water inputs permits more sediments to
be carried provided the water is not at transport capacity.
Conductivity rose and reached the peak in the first 15 to 20 minutes of the onset
of the rainfall. The wash-off of metals from non-point source accounts for the initial
rise in conductivity. Similar to the trend of pH value, conductivity was lower at the
pre-storm period and the value dropped when rainfall continued, which was
accompanied with the rise in water level. This may due to the effect of dilution after
the first flush effect.
The trends of the concentration of heavy metals were different and the variations
were small. Generally, the highest concentration tended to be in the first 15 to 25
minutes of the storm event since time (depending on magnitude of the storm) was
required for filling the storage. First flush effect occurred where heavy metals from
dispersed sources were being washed into the channel. If rainfall continued, the
concentration remained slightly decreasing, as a result of dilution.
The concentration of the inorganic chemicals depended on the continuation of the
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storm event. If rain stopped, the concentrations increased and vice verse, due to the
effect of dilution. However, the variation was small. All sets of data showed that
the concentration decreased at the beginning of the rainfall, because of dilution by the
rainwater and the addition of storm runoff.
3.3. Water level and water quality
In this part, an investigation will be made of how water quality responds to the
change in water level by analyzing the primary data obtained at the sampling station of
Kai Tak Nullah. The rise in water level of the Kai Tak Nullah may be due to the
occurrence of a rainfall event and the increase in treated sewage input.
a)pH
There is a weak negative correlation between water level and pH (r = -0.19). pH
falls when the water level is increasing as illustrated by Figure 53. When the water
level rises from the base level, pH will gradually decrease and move towards neutral,
perhaps, due to the dilution effect of water.
b) Biological Oxygen Demand (BOD)
It is observed that BOD is negatively related to the water level (see Figure 54).
I l l
That is, BOD value decreases with the rise in water level of the nullah. It may be
concluded that the water quality is better as the rise in water level is accompanied with
the fall in the concentration of organic waste, which is indicated by the fall in BOD
value, because of the effect of dilution. However, given the high degree of scatter
and the very low correlation coefficient (r = -0.06), this trend would be regarded with
great caution.
c) Conductivity
Similar to the trend of pH, as shown in Figure 55, conductivity is high when the
water level is low. The negative coorelation between water level and conductivity is
strong (r = -0.45). The increase in water input results in the fall in conductivity since
dilution occurs consequent upon rainfall.
d) Heavy metals
The concentration of copper, chromium and lead shows the decreasing trends
with the rise in water level (see Figure 56, 59 and 60), although the negative
correlation between water level and Cu (r = -0.2), Cr (r = -0.1) ,and Pb (r = -0.1) is
weak. On the other hand, the concentration of zinc and cadmium increases when
water level rises (Figure 57 and 58), however, the postive correlation is relatively
112
weak (Cd: r = 0.2; Zn: r = 0.04). The trends show that the channel runoff contains
more copper, chromium and lead when there is a rise in water level.
e) Inorganic chemicals
The scattergraph of the concentration of inorganic chemicals and water level is
shown in Figure 6i.
The concentrations of ortho-phosphate and ammonical nitrogen show a
decreasing trend when there is a rise in water level. This may due to the dilution
effect of storm runoff. But the correlation between water level and these nutrients is
quite weak (PO4: r=-0.2; NH4: r=-0.3). However, in contrast to ortho-phosphate and
ammonia, the concentration of nitrate nitrogen increases with the rise in water level,
with a strong positive correlation betwwen water level and NO3 (r=0.4).
f) Suspended sediments
As shown in Figure 62, the amount of suspended sediment decreases with the rise
in water level. The negative correlation between water level and the amount of
suspended sediments is weak (r=-0.2). Dilution by the input of storm runoff and the
treated sewage may be responsible for such negative relatioship.
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The correlation coefficients reported above indicate that determinants decrease
when water level rises (pH, BaD, conductivity, the concentration of Cu, Cr, Pb, NH4
and P04) whilst others increase when the water level becom es higher (Cd, Zn and N0 3
concentration). Correlation coefficients range from - 0.4 to 0.45, giving coefficients
of determination ranging from 0.0016 to 0.2025, indicating that factors other than
discharge are more important in controlling the conc entration of the determinants.
Such factors include the availability or suppl y of the metals and nutri ents for example.
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3.4. Comparison of the sampling result with the past EPn data of KN5
The comparison of the sampling results from the summer of 2004 with the EPD
data would be helpful. It would permit comparison of short duration sampling
program (this study sampling) against the longer term EPD data set. This may have
implications for the length of sampling needed to obtain a satisfactory description of
water quality. The data of the descriptive statistics are given in Table 31 which
includes the mean , median, standard deviation, IQR, and maximum and minimum
values.
pH BOD (mg/L). N03 (mg/L) Hot (mgIL) P04 (mgIL)
Sampling EPD Sampling EPD It;ampling EPD Sampling EPD Sampling EPD
Mean 7.2 7 4.1 54.9 5.1 2.3 0.8 6.1 4.9 1.4
SD 0.2 6.8 1.5 49.6 1.3 1.4 I 6.1 l.l 0.8
Median 7.2 6.8 ~.I 19.5 4.9 0.7 0.5 2.9 5.1 0.8
IQR 0.2 6.8 I.7 57.5 1.6 2 0.4 6.5 1.4 I
Min. 6.97 6.4 1.52 1.6 3.33 0.002 5.76 0.005 0.18 0.005
Max. 8.06 IO 7.08 208 10.2 5.8 5.75 42 0.4 4.1
SS(mg/L) Cd (J1. g/L) Cu(J1. gIL) Pb( J1. gfL) Zn( J1. gIL) Cr( J1. gIL)
!sampling EPD Sampling EPD Sampling EPD iSampling EPD iSampling EPD !sampling EPD
Mean 25.5 86.8 0.04 6.4 0.04 65.4 0.3 45.5 0.1 74.9 0.05 84.9
SD 23 144.4 0.02 4.4 0.02 50 0.1 41.3 0 137.7 0.01 24.8
Median 19.3 30 0.03 0.6 0.03 12 0.3 7 0.1 40 0.05 8.3
IQR 11.3 84.5 0.03 0.2 0.03 43 0.1 10.5 0 57.5 0.01 12
Min. 11 .22 0.5 0.02 0.1 0.01 I 0.17 I 0.04 IO 0.02 I
Max. 178.08 950 0.17 20 0.07 360 0.48 400 0.12 I lOO 0.06 180
Table 31. Descriptive Statistics of th e sampling result
It is observed that the mean value of the param eters of the data obtained from
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sampling during the summer of 2004 are much smaller than those provided by the
EPD, especially for the concentration of nutrients. The concentrations of copper and
zinc, and the amount of suspended sediments reported by the EPD data are greater
than the sampling result by more than 4 fold. However, some parameters are similar,
for instance, the result of the EPD data and the primary sampling data on pH and the
concentration of ortho-phosphate. The fact that the larger duration EPD data set
exhibits greater variability for BOD, the amount of suspended sediments, the
concentrations of copper and zinc may be due to
a) the limited sample size of the current study;
b) the limited range of water level recorded in the present study due to the
comparatively dry summer; and
c) the changing pollutant loadings and water discharge over the long-term EPD
monitoring record.
For those determinants that exhibit similar levels between the EPD data and this field
study, they may be regarded as 'conservative' determinants, perhaps, less prone to
changes in loading and flow or discharge. They may be amenable to characterization
by a short-term sampling program.
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Chapter 4 Discussion
4.1. Urban stormwater drainage and stormwater pollution
In Hong Kong, stormwater enters the streams, rivers or nullahs, which is then
disposed into the coastal water; while sewage is collected by sewers to the sewage
treatment plant for treatment, which is disposed to the sea via outfall. There is a
separate system of sewerage and stormwater in Hong Kong in which misconnections
are inevitable (Sin, Chan and Chau, 1996). The focus of this study about stormwater
pollution has been placed on the first three stages of the drainage system in Figure 63
with measurement being at Stage 3. Samples were collected directly from the nullah
in which the effect of the flushing of the pollutants from diffuse sources on stormwater
and runoff quality can be measured. Also, the result of the EPD's sampling of Kai
Tak's stormwater quality in the six sampling stations helps to show the differences in
storm runoff quality under different weather conditions and in different year. The
study is related to Stage 3 of Figure 63.
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Figure 63. Flow of urban stormwater pollution
4.2. The change in Kai Tak storm runoff quality in the past 17 years
In the past 17 years, the stormwater quality of the nullah was improving, which
interestingly coincided with the increasing rate of urbanization in Hong Kong. Kai
Tak Nullah had once been identified as a heavily polluted channel. As shown in the
comparison of water quality temporally (Figures 9, 10, 11, 12 and 13; Tables 5 and 6),
the determinants revealed that the channel was heavily polluted. In fact, the nullah
was characterized by the thick deposition of contaminated sediments and the presence
of sulphide odour (Babin, Lynn and Murphy, 1999). The study suggests that the
channel was heavily polluted by illegal sewage discharge in the late 1980s when there
was the development of industry in the catchment area.
By analyzing the secondary data from the EPD, it is found that there has been a
marked improvement in most of the water quality parameters since the beginning of
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the 1990s. pH can always remain approximate to neutral (Figure 9), which shows
that the damage of acid was low (Fellenberg, 2002), although higher and lower values
can occur because of special conditions such as sulfide oxidation which lowers the pH,
or low carbon dioxide concentrations which raises the pH (Weiner, 2000). The
presence of fishes in the nullah confirms Klein's (1969) suggestion that a river with
pH 7 to 8 is ideal for supporting fish life. The dissolved oxygen level indicates the
level of pollution and the capacity of the water to support aquatic plant and animal life.
A higher dissolved oxygen level indicates a better water quality (Stevens Institute of
Technology, 1997). Dissolved oxygen content increased more than twofold (from 4
mg/L to 8 mg/L) in the nullah which means that the water is more capable for
maintaining life, as revealed by the present of groups of fishes in the nullah (see
Figure 64). At the same time, the purification ability of water also improves
(Fellenberg, 2002) and the problem of odour is reducing. The marked fall in BOD
from 65.9 to 12.6 mg/L also indicates that the concentration of organic waste, bacteria,
and other microorganisms in water has been reduced.
Heavy metals such as copper, zinc, cadmium, chromium and lead are commonly
measured heavy metals in stormwater runoff (Latimer et al, 1990) since they are
commonly found in urban runoff. In other words, the concentration of heavy metals
is one of the parameters to indicate the level of water pollution. The concentrations
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of copper, cadmium, chromium, zinc and lead, which are the most problematic causes
of water pollution, reduced in concentration by more than threefold over the study
period (Table 6). The amount of suspended sediments, which contains much of the
heavy metals and chemicals, also fell by more than twofold. The concentration of
ammoncical nitrogen has also declined. The results suggest that point source
pollution has been weakened since the pollutants loads of these parameters mainly
come from point sources (Albek, 2002).
However, the concentration of nitrate-nitrogen and ortho-phosphate increases
slightly. This observation is also pointed out in the report of water quality issued by
the EPD, in which it is stated that there has been some increase in nitrate nitrogen and
ortho-phosphate in the upper and middle reaches of the nullah (EPD, 1996).
Fellenberg (2002) points out that nitrate and phosphate are released to water through
microbial degradation of organic materials such as humus. As we could observe at
the sampling station, there were lots of fishes of various sizes in the nullah (see Figure
64). The degradation of the excrement of the fishes may account for the increase in
nitrate-nitrogen and ortho-phosphate concentration. Weiner (2000) also points out
that nitrate-nitrogen and ortho-phosphate come from manufactured fertilizers. The
wash-off of fertilizers from the parks in the Kai Tak catchment area may be a factor
explaining the increase in nitrate-nitrogen and ortho-phosphate concentrations.
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In fact, stormwater of Kai Tak Nullah was heavily polluted with contaminated
mud with toxic and heavy metals, and other hazardous material during 51 years of
airport operations (SCMP Aug 2, 1998). The improvement of water quality was
significant in the early 1990s since the enforcement of water pollution legislation and
the implementation of the Tolo Harbour Effluent Export Scheme (THEES) (EPD,
2002). The goal of the Tolo Harbour Effluent Export Scheme is to pump all treated
effluent from the Sha Tin and Tai Po Sewage Treatment Works into the upper end of
Kai Tak Nullah which is then being disposed to the Victoria Harbour. In 1995, the
Drainage Services Department began pumping fresh water from the Sewage Treatment
Works to a tunnel at the head of the nullah as part of the Scheme (SCMP May 15,
1995). As a result, the Environmental Protection Department's tests showed that
pollution levels dramatically reduced (SCMP May 15, 1995). It is also shown in the
result of the analyzed EPD data in this study that the most significant improvement in
stormwater quality of the Kai Tak Nullah was in 1995 (refer to Figure 9 to 13; Table 6
and 7). The improvement of stormwater quality and the reduction of odour are the
result of the flushing of the waterway by the large volume of effluent. Stage 1 and II
of the Scheme have been completed while stage III and IV will be completed in 2004
and 2007 respectively.
Recently, the improvement in water quality and odour problems of the nullah
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attracts peopl e to fish at the nullah, as shown in Figure 65. [have also been told that
the fishes are used for human consumption. The nullah also acts as a habitat for
fishes and birds (Figure 64 and 66).
Figure 64. Fish es in the Kai Ta k Nullah Figure 65. People fishing along th e
Nulla h
Figure 66. A bird in th e Kai Ta k Nulla h
4.3. Var ia tion of wate r qu ality with wea the r
Fluctuation in water quality between baseflow period which reflects dry wea ther
and rainstorm eve nts which cause an increase in water leve l is observed by ana lyzing
both the EPD data and primary data , in which both sets of data show similar trend s,
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although the variation is small. In fact, Butler and Davies (2000), and Deletic and
Maksimvois (1998) do point out that storm runoff quality is affected by weather
condition, especially rainfall. The comparison shows that water quality is poorer
during the dry period and on days with little rainfall (with rainfall fewer than 5 mm);
while better water quality is observed on wet days.
pH shows a small variation under different weather conditions with water tending
to be a little more acidic during high flow period. The increase in alkalinity in dry
weather which is observed by Klein (1969) did not happen in the studied nullah which
suggests that the wastewater discharged from the treatment plants in Tai Po and Sha
Tin is not the major contributor of stormwater pollution in the nullah (Klein, 1969).
Dissolved oxygen content is the highest on wet days and is the lowest on
semi-dry days. This determinant suggests better water quality occurs on wet days.
Both the measurements of BOD and COD may indicate the concentration of organic
waste in water, in which the highest value is observed on the semi-dry days and the
lowest is on the wet days. It shows that better water quality is observed on wet days.
The values of these parameters imply that organic pollution is more significant on the
semi-dry days. The organic materials are more likely to be of diffused type which is
brought into the nullah by surface runoff when there is a little rain. At times of heavy
rain, the volume of water results in low organic pollution, that is to say dilution takes
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place.
The concentration of heavy metals is low on the dry days and on days with heavy
rainfall. The result is not consistent with Backstrom et aVs. (2002) study that the
total concentration of heavy metals in roadside runoff increase during the drier winter
in Sweden. In fact, heavy metals are associated with particulate deposition. The
increase in particulate fraction can be explained by the increase in pH resulting in
higher adsorption to road wear particles (Backstrom et al., 2002). The flushing of the
particulate matters into the nullah when there is slight amount of rainfall accounts for
the higher heavy metals concentration on the semi-dry days. The concentration of
heavy metals is sometimes associated with the dissolved organic matter. For example,
95 % of Zn is predicted to be found associated with organic matters (Backstrom et al.,
2002). The heavy organic pollution on days with little rainfall, that is, on semi-dry
days indicated by high BOD and COD, and low dissolved oxygen content, also imply
the higher heavy metals concentration.
The concentration of nutrients is high on dry days and is low on wet days. The
result agrees with what is observed by Nhapi et al. (2004) in Lake Chivero (in
Zimbabwe) where the nutrient level were 2.4 mg/L for total nitrogen and 0.8 mg/L for
total phosphorus during the dry period, and were 1.7 mg/L for total nitrogen and 0.5
mg/L for total phosphorus on days with heavy rainfall. Nitrate is highly soluble and
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is highly mobile (Weiner, 2002). So it is subject to the dilution effect by the increase
in rainwater and channel runoff on the wet days. Ammonia is present in natural
water and is discharged from the sewage treatment plants (Weiner, 2002). Ammonia
is high during the dry days since treated effluent from the sewage treatment plant at
Sha Tin constitutes the major component during baseflow period. It also suggests
that ammonia is one of the major point source pollutants. The concentration of
ortho-phosphate is also low on wet days since it can be removed in solution by
precipitation (Weiner, 2002). In fact, the low concentrations of these inorganic
chemicals on wet days also reveal the importance of dilution by precipitation and
storm surface runoff. On semi-dry days, the concentration of these inorganic
chemicals in the nullah is also high due to the flushing of dustfall and
sediments/particulates on roads and highways (Wanielista and Yousef, 1993), in which
the runoff is insufficient to dilute the chemicals.
The amount of suspended sediments increases with the rise in precipitation. It
agrees with the study carried out by Deletic and Maksimvois (1998) that a positive
trend is found between rainfall and the amount of suspended sediments. It is because
surface runoff on wet days is powerful enough to carry the dry deposits on the
landmass to enter the nullah. It also reveals the flushing of diffused pollutants into
the nullah during storm events since suspended sediments are highly association with
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traced metal (Old et al, 2004).
In fact, the most important contributor of runoff pollution of the Kai Tak Nullah
is pollutant from the land surface. As stated in chapter 2, landuse in the Kai Tak
catchment area are squatter areas/settlements, temperorary housing area, industrial
area and old public housing estates. The streets, gutters and other impervious
surfaces are connected directly to the storm sewers. Pollutants accumulated on the
impervious surfaces during the dry periods enter the storm drainage system when there
is rainfall. The rate of accumulation is the most rapid at the first 2 or 3 days after a
rainstorm (Sartor and Boyd, 1972). When there is a rainfall which is sufficiently
intense, the pollutants are being washed into the nullah by surface runoff generated by
the "first raindrop falls on the urban watershed' (Rosener, 1982). So, on the
semi-dry day, the rainfall is intense enough to wash the pollutant into the nullah while
the runoff is not large enough to dilute and prevent the accumulation of pollutants.
As a result, the worst pollution of storm runoff is observed on the semi-dry days.
On wet days when the rainfall is strong, flushing of the pollutants from the
impervious land surface also occurs. However, in this case, the discharge and its
velocity in the nullah are great enough to flush the pollutants downstream. The effect
of dilution by the large flow is significant. As a result, storm runoff quality tends to
be better on the wet days since much of the pollutants have been carried away. The
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water quality may be even better when there is a prolonged heavy rainstorm. The
wet-dry variation is small in this research due to the limited range of discharge
recorded in the study period of the Kai Tak catchment. However, it was possible to
observe the differences in water quality under different weather conditions.
Overall, the analyses suggest that pollutants are flushed from the terrestrial part
of the watershed during the wet days. It also shows that storm water pollution does
occur during storm event, especially during days with light rainfall. The result shows
that stormwater pollution is generated by runoff from impervious surfaces such as
paved streets, driveways, parking lots, etc. When it rains, the runoff, which comes
from chemically treated lawns, illegal sewage outpits, vehicles leaking oil and grease,
heavy metals, pet waste, excess fertilizer, soap and oil from washing the car, flows
untreated into the nullah.
4.4. The first flush effect at the sampling station
In a storm event, a first flush phenomenon occurs when most of the pollution load
is transported in the initial part of the events. This study shows that first flush effect
was able to be observed which is observed in the previous studies (Ellis, 1976; Mance
and Harman, 1978; Lim, 2003). For the small storms (Storm 3, 4, 5 and 7), the initial
flushing of pollutants into the nullah is remarkable as shown by the increase in
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conductivity, the amount of suspended sediments and the concentration of heavy
metals. The larger storms 1 and 2 also evidence first flush effects for conductivity,
and Cu and Zn where data are available. These increases are observed at the first 5 to
20 minutes of the rainfall event. It shows that the first flush effect occurs in the first
5 to 20 minutes after the rainfall started as time is required for filling the depression
storage on the impervious ground (Kibler, 1982). The time lag between the onset of
rainfall and the peak concentrations is smaller than that observed by Ellis (1976) in
which 20 to 30 minutes is required to fill the storage.
Various sources of pollutants can be identified from the sampling stations. The
nonpoint sources of pollutants are:
• vehicle emission from the major driveways surrounding the sampling station;
• dust, litter, oil, animal faeces and other pollutants from the streets;
• sediments and other materials from the construction site; and
• re-surfacing work at the junction of Lok Sin Road and Tung Lung Road.
Once there is rainfall, surface runoff carries the pollutants and materials from
these identified sources and enters the nullah. This contributes to the occurrence of
first flush. In fact, it is also observed that the bridges connecting both sides of the
nullah have small pits that encourages and accelerates surface runoff from entering the
nullah. Hence, the concentration of pollutants reaches their peak shortly after the
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rain has just begun. When rainfall is continuous, a drop in the concentration of
pollutants could be observed, although the drop or decline in value is small, which can
be explained by the removal of insoluble pollutants by mechanical processes, whereas
soluble pollutants are governed by solubility equilibrium and remain largely
unaffected (Hall, 1984). So, the first flush effect may be largely due to the flushing
of suspended sediments, which contains much pollutant, out of the system.
However, the changes in the values observed in this study are very small.
Furthermore, the effect of dilution by the drastic input of precipitation and channel
runoff is also important in reducing the concentrations of pollutants. On the other
hand, the result of the field sampling is also somewhat conflicting in showing the
deterioration of water quality with the rainfall event especially for the larger storms
(Storm 1, 2 and 6), in which various trends are observed. Storm 1 shows that there
was a decrease in the concentration of heavy metals and the amount of suspended
sediments throughout the rainstorm event. Storm 6 shows an increase in the amount
of suspended sediments. Both Storm 2 and 6 showed inconsistent changes in the
concentration of different kinds of heavy metals with the storm event. The first flush
is not a constant features in all storm events being investigated as suggested in the
earlier studies (Ellis, 1976; Mance and Harman, 1978). Hence, this study is still
insufficient to conclude that first flush did occur at the sampling station, especially
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during the large storm events and this study fails to show that first flush effect is more
likely to occur in a stronger rainfall event, as observed by Deletic and Maksimvois
(1998). This may due to the fact that samples could not be collected immediately
once rainfall started and the limited magnitude of the large events in this study.
4.5. Relationship between water level and water quality
This study shows that water level (i.e. the amount of discharge) also helps to
determine water quality.
a) pH
The data shows that water tends to be less alkaline when there is an increase in
water level. When the pH is high at low water level, the water is more likely to
encourage the precipitation of heavy metals such as zinc and cadmium. At this state,
the chemicals may become toxic to the fishes in the nullah. The increase in the
volume of water in the nullah helps to prevent such problems and water quality
becomes better. A study which shows this trend includes the research carried out by
Deletic and Maksimvois (1998) in a catchment in Belgrade, Yugoslavia in which the
runoff was over pH 7.6 on the days before a heavy rainfall when the discharge was low.
The increase in discharge corresponded with a fall in pH level towards pH 7.
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b) Biological Oxygen Demand (BOD)
BOD value measures the amount of organic matter oxidized in water as a result
of the activities of organic material present (Klein, 1969). The value drops when the
water level increases. It means that the water is less likely to become depleted in
oxygen and become anaerobic with the addition of water from the sewage treatment
works and from atmospheric precipitation input (Weiner, 2000). A similar trend can
be observed at Besdegirmen, which is situated along the Porsuk Stream in Western
Turkey (Albek, 2002). The study of water quality at the sampling station along the
river shows that BOD was over 20mg/L when during the low flow period, while the
value fell below 5 mg/L during the high flow period (Albek, 2002).
c) Conductivity
Conductivity drops with the increase in water level which is also observed in the
study of Deletic and Maksimvois (1998) where conductivity reached the lowest level
(12.50 mS/cm) when there was a high water discharge, whilst, the highest level of 20
mS/mm occurred during the low baseflow period. A similar trend was observed by
Ellis (1976) in Silk Stream catchment area in North London. In his study, it is
observed that when the discharge increased from 1 to 15 cumecs, conductivity fell
from 1500 to 1200 umhos. It means that the presence of inorganic dissolved solids
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fell with the increase in water flow. The concentration of pollutants, as reflected by
conductivity, tends to decrease with the rise in water level.
d) Suspended sediments
The amount of suspended sediments decreases with the rise in water level. It is
in contrast to many other pervious studies where the amount of suspended sediments is
positively related to water level (Ellis, 1976; Liao et al, 1988; Deletic and Maksimvois
1998; Lim, 2003, Old et al., 2004). However, a similar trend is observed in
Columbia Lake in Canada where the lake level is over 270 cm, the concentration of
suspended solids was 100 mg/L, while the lake level falls below 170 cm,
concentration of suspended solids is over 300 mg/L. It shows that the dilution effect
is important in the nullah where the increase in water volume in the nullah helps to
dilute the contaminated suspended sediments that are being flushed into the system by
surface runoff. The limited range and number of storm samples for this study should
also be noted.
e) Heavy metals
The trends show that the channel runoff is polluted by cadmium and zinc when
there is a rise in water level as the rise in water level is accompanied with the increase
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in the concentration of these heavy metals. This may due to the fact that the
pollutants from the nonpoint sources, for example, dust and sediments from the road
surface, are contmainated by cadmium and zinc. This is because most of the
pollutants are being flushed into the nullah when there is rainfall which contributes to
the increase in water level. In addition, it is observed by Wanielista and Yousef (1993)
that since a certain amount of cadmium in the runoff is contributed by rainwater, the
concentration of cadmium increases when there is a large input of rainwater. For
example, cadmium can come from mining, smelting and waster dump. Even
cigarette contains 1 to 2 jLtg/L cadmium (Weiner, 2000). Zinc comes from industrial
wastes. Newsprint paper, an example of diffuse pollutants, also contains a certain
amount of zinc (Weiner, 2000). Other researchers who observe the increase in the
concentration of zinc with water level are Liao et al. (1988) who carried out their
study at Qi Gong Gou area in Changsha, China. They found out that the
concentration of zinc is 1.5 jitg/L when the discharge in the urban stream was 1040
tonnes, and that is 21.1 jtig/L when the water discharge was 37556 tonnes.
On the other hand, the concentrations of copper, chromium and lead fall with the
increase in water level. Their conconentration experiences the highest levels when
the water level is 18 cm, that is to say when it is the baseflow period. Consequently,
they tend to be the major point source pollutants in terms of concentration as they tend
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to be diluted with the addition of water from precipitation. The source of chromium
is mainly from manufacturing activities and sewage sludges, and copper and lead are
from the corrosion of copper pipes and fittings (Weiner, 2000). Other studies that
report the decrease of these metals with water level or discharge include the work of
Mance and Harman (1978) which was carried out in Stevenage New Town located 30
miles north of London. In their study, it was found out that when a rise in water level
from 25 to 32 cm was accompanied with a decrease in the concentration of copper
(from 50 to 28 /ig/L) and lead (from 48 to 32 /xg/L).
f) Inorganic chemicals
The concentration of inorganic chemicals also reveals two trends. The
concentrations of ortho-phosphate and ammonical nitrogen fall with the rise in water
level; a similar trend can be observed in the study carried out by Albek in
Besdegirmen (2002) where the concentration of ammonical nitrogen and
ortho-phosphate fell below 1 mg/L when the water discharge is high, compared with
44 mg/L for ammonical nitrogen and 3.2 mg/L for ortho-phosphate during low flow
periods. The increase in water flow helps to dilute these nutrients compared to the
baseflow, which are derived from point sources. For example, phosphate may be
contained in fertilizers, detergents and human wastes (Weiner, 2000) which are
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disposed to the channel as non-point source. It also implies that the quality of the
treated sewage may be good enough to dilute these pollutants. In contrarst, the rise
in the concentration of nitrate nitrogen with the rise in water level means that the
surface runoff from the impervious surface carries with it much of nitrate nitrogen.
This trend can also be observed in Agackoy, Turkey where the concentration of nitrate
nitrogen reached 3 mg/L during high water flow, compared with the lowest level of
0.03 mg/L in low flow period (Albek, 2002). Besides, the work of Lim (2003) in the
Queenstown catchment of Singapore shows a similar trend. The source of nitrate
nitrogen is manufactured fertilizers which is an important nutrient of plants. It also
has high mobility. The leaching of nutrient from vegetation on the nullah's banks and
the flushing of organic residuals during storm event may account for their increase in
concentration during high flow period accroding to Lim (2003).
By comparing water level with the water quality parameters, it is observed that
the dilution of pollutants by the large input of rainwater and treated sewage is
significant. It suggests that the water level has a positive relatioship with the rate of
pollutants removal. In fact, pollutants can be carried elsewhere by the transport
process (Weiner, 2000). It also suggests that the treated sewage discharged from the
sewage tratment plants in Shatin and Tai Po help to improve the stormwater quality
greatly. This study also shows that pollution by heavy metals is important and
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noticeable.
4.6. Stormwater pollution in Kai Tak Nullah
This study also reveals that the problem of stormwater pollution of Kai tak
Nullah have been improved since the implementation of the Tolo Harbour Effluent
Export Scheme in the early 1990s. It also shows the importance of nonpoint sources
pollutants and the role of increased impervious surface in polluting the storm runoff,
as revealed by the effect of weather and water level on water quality, and the
occurrence of the first flush effect. The source of the pollutants includes vehicle
emissions, construction sites, re-surfacing work, street dust and litter, etc, from which
sediments and heavy metals in particular are produced. At the same time, this study
also reveals the effect of dilution and pollutant transportation on water quality.
Despite the presence of stormwater pollution in Kai Tak Nullah, storm runoff remains
fairly good in terms of water quality due to the flushing of treated sewage from Shatin
and Tai Po Treatment Works. This study tends to disagree with the previous research
which shows that stormwater quality is worse in a combined system for sewage and
stormwater disposal (Kibler, 1982). In fact, the difference lays in the fact the the
sewage being disposed into the Kai Tak Nullah is seconday sewage which are being
treated, and hence, less polluting.
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4.7. The absence of some data
Data on the amount of rainfall for the storm samples are absent since there is the
lack of equipment. Also, the Hong Kong Observatory did not record the amount of
rainfall at the sampling station where it marked no precipitation in the district when
there was rain at the sample station. As a result, the effect of meteorological
condition to storm runoff quality can not be analyzed.
Also, there is also the lack of data on volume of flow due to the unavailability of
data from the EPD. Moreover, for the primary data collection, a suitable
current-meter for obtaining velocity of flow measurement in the nullah was not
available. Moreover, to obtain sufficient measurements would be time-consuming
and impractical during a storm event whilst trying to collect samples for water qualtiy
analysis. This means that water discharge has not been determined. Consequently,
information about the effect of dilution of pollutants, the transportation rate, etc, of
storm runoff during the storm event could not be evaluated and the statistical
evaluation of the first flush effect whereby 20 percent of the runoff contains 80 percent
of the pollutants when rainfall starts (Stahre and Urbonas, 1993) could not be
undertaken.
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Chapter 5 Conclusion
hi this study, it is found that there has been a gradual improvement in stormwater
quality in Kai Tak Nullah from 1986 to 2002. Furthermore, the quality of the storm
runoff is worse on dry and days with less than 0.5 mm of rainfall. The higher
concentration of pollutants at the first 5 to 20 minutes of the storm event has also been
recorded along with an improvement in water quality with the water level.
From the result, it is observed that the degree of stormwater pollution is highly
associated with wastewater and nonpoint source pollutants.
Historically, there are two main contributors to the poor water quality in the
nullah.
Firstly, it is the historical use of stormwater drains for wastewater disposal. In
the late 1980s, it was identified that illegal disposal of untreated sewage from
industries and households caused serious water pollution and odour problem in the Kai
Tak Nullah (EPD, 1993). Stormwater has been much improved after the
implementation of legislation. For example, there has been a long term decreasing
trends in suspended solids and COD along the nullah (EPD, 1998). This shows how
polluting the untreated wastewater was. In fact, nowadays, wastewater still plays an
important in degrading water quality of the nullah. There are still many people
disposing wastewater into the drains on the streets which are connected directly with
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the Kai Tak Nullah, for example, the disposal of wastewater from the restaurants.
Secondly, urbanization is another critical factor contributing stormwater pollution
of the Kai Tak Nullah by increasing the variety of nonpoint source pollutants. The
catchment of the Kai Tak Nullah has been much developed, as in the other parts of
Hong Kong, for example, the development of a large public housing estate, the
expansion of infrastructure, etc. Before the relocation of the Kai Tak Airport, the
nullah was heavily polluted by nonpoint source pollutants such as oil, aerial deposition
and vehicle emission from air transport. The relocation of the airport to Chek Lap
Kok does not mean that the problem of pollution is erased in Kai Tak Nullah. The
vast area of land of the old airport, which is very near to the sampling station of this
study, is for further urban development. This may contribute to a wider range and
higher amounts of pollutants in the future.
In this study, some phenomena which are found in the pervious studies have been
confirmed, for example, the first flush effect, the dilution effect of water, the
seasonality of stormwater quality as influenced by weather conditions, the path of
pollutant transportation, etc.
However, since this study was done within a short period of time, only a
preliminary study could be undertaken. Nevertheless, the results of the research still
serve to demonstrate the variation of stormwater quality of Kai Tak Nullah which is
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important given the fact that there are limited studies related to stormwater pollution in
Hong Kong.
To solve the problem of stormwater pollution is expensive and difficult. Indeed,
both structural and non-structural Best Management Practices (BMPs) should be
carried out to deal with stormwater pollution in the drainage channel. For structural
BMPs, the use of porous pavement and swales, minimizing the direct connection of
the nullah with the impervious surface tend to be applicable. In addition,
non-structural BMPs should also be carried out alongside the structural measures with
legislation enforcement and education on storm runoff pollution controls to reduce the
extent of the potential nonpoint source pollution as a result of human activities.
Moreover, street sweeping, leaf picking, etc should also be carried out more
frequently.
Stormwater pollution in Hong Kong may not have the impact on water quality
that comes from sewers, but it can still spoil people's enjoyment of the harbour. The
problem will need further study and discussion on the solutions and costs.
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Appendix 1
Descriptive statistics for the yearly
trend of Kai Tak Nullah
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Year
1986
1987
1988
1989
1990
1991
Descriptive statistics lor the yearly trend of Kai Tak JNullah
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
DO (mg/L)
4.5
2.0
4.7
2.4
4.2
2.2
4.7
3.0
4.5
2.4
4.0
3.5
5.7
3.2
5.7
4.6
4.6
4.3
2.3
4.7
4.8
2.7
4.0
4.0
PH
7.2
0.6
7.0
0.5
7.3
0.6
7.2
0.7
7.1
0.7
6.9
0.5
7.4
1.1
7.1
1.2
7.8
1.2
7.3
1.7
7.4
0.7
7.1
0.6
BOD5 (mg/L)
126.3
121.3
99.0
83.4
101.7
61.6
91.6
75.2
89.6
54.3
79.2
81.1
95.9
65.8
83.1
94.3
66.2
50.4
62.5
42.8
74.3
40.4
75.0
45.0
NO3 (mg/L)
1.31
4.90
0.02
0.48
0.19
0.95
0.01
0.02
0.72
2.28
0.01
0.47
0.58
1.25
0.03
0.67
0.17
0.41
0.01
0.04
0.20
0.50
0.07
0.08
NH4 (mg/L)
6.66
4.90
5.65
5.10
9.73
9.48
6.75
6.20
9.26
7.41
7.40
7.50
8.08
6.19
6.70
6.00
9.82
7.11
8.10
7.50
7.92
6.04
6.30
9.58
PO4 (mg/L)
0.91
0.74
0.67
0.79
1.79
1.31
1.50
1.08
1.45
1.37
1.15
1.24
1.14
1.49
0.65
1.06
0.81
0.69
0.76
0.85
0.87
0.63
0.64
1.19
SS (mg/L)
106.8
148.8
53.5
80.5
155.7
208.2
82.0
137.0
128.9
313.9
67.0
108.3
260.4
1027.1
53.5
126.0
132.8
301.5
21.0
36.5
42.6
36.8
30.0
49.5
COD (mg/L)
413.8
570.4
175.0
215.0
263.2
193.8
210.0
180.0
244.4
266.2
180.0
170.0
261.6
235.8
195.0
208.5
140.7
111.9
120.0
108.0
159.5
194.4
81.0
151.5
Cd(/ig/L
0.7
1.2
0.4
0.7
0.8
0.9
0.5
0.5
16.3
130.7
0.7
1.0
3.3
5.3
0.7
1.8
22.5
21.1
10.0
10.0
10.0
0.0
10.0
0.0
CuOtg/L)
142.5
358.8
38.0
94.0
278.6
683.7
78.0
196.8
201.0
333.3
44.5
195.0
352.2
671.7
98.0
265.0
516.7
1792.4
100.0
0.0
239.1
407.6
100.0
0.0
PbOig/L)
21.5
38.9
7.0
13.0
18.5
26.9
9.0
15.8
13.4
11.7
10.0
13.0
57.2
105.4
15.5
35.5
16.7
12.4
10.0
10.0
262.6
409.0
20.0
330.0
Cr(jKg/L)
190.7
262.0
100.0
95.0
195.8
278.9
125.0
157.5
125.0
165.0
90.0
90.0
161.2
213.9
80.0
162.5
36.7
53.8
10.0
40.0
25.2
22.9
10.0
25.0
Zn(/ig/L)
207.8
417.2
58.5
150.8
299.5
618.3
110.0
339.5
245.6
583.3
50.0
203.0
323.3
527.1
100.0
320.0
108.3
28.2
100.0
0.0
104.3
20.9
100.0
0.0
1992
1993
1994
1995
1996
1997
1998
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
3.6
1.7
3.2
2.3
4.2
2.1
3.7
3.7
5.9
3.4
5.1
4.3
5.7
2.9
7.3
4.2
7.0
2.8
8.0
3.2
7.4
2.4
7.1
2.7
6.5
2.7
7.2
0.4
7.1
0.4
7.0
0.7
6.9
0.2
7.5
0.8
7.4
0.6
7.7
0.7
7.5
0.8
7.7
0.8
7.6
0.6
7.6
0.6
7.4
0.3
7.3
0.3
92.8
40.9
90.0
39.8
75.9
60.7
52.5
54.5
74.8
62.1
63.5
72.8
43.9
42.9
28.5
65.7
39.6
40.0
21.0
49.3
26.7
18.9
19.0
20.8
22.0
18.3
0.05
0.11
0.03
0.02
2.50
2.96
0.05
4.52
0.28
0.49
0.01
0.40
1.02
1.10
0.83
1.89
2.31
2.17
2.40
3.91
2.34
1.82
2.70
3.42
2.08
1.18
6.14
5.33
5.35
4.32
4.14
5.89
4.19
5.99
5.26
6.58
3.10
5.66
3.90
6.36
0.90
2.73
3.37
4.76
2.90
3.33
2.01
1.79
1.70
2.71
7.04
5.20
0.68
0.37
0.63
0.42
0.77
0.53
0.68
0.39
0.74
0.86
0.48
0.89
0.96
0.65
1.15
1.20
0.99
0.67
0.95
1.06
0.93
0.75
0.86
1.47
1.02
0.51
36.1
30.1
28.0
30.5
65.8
98.3
28.0
41.5
268.3
625.0
37.0
196.8
57.1
80.0
25.0
38.5
49.8
48.4
36.5
42.8
53.5
80.6
25.0
34.0
17.5
24.6
101.3
66.4
86.0
72.8
124.7
111.6
73.0
128.0
129.5
98.5
100.0
112.8
80.7
82.3
47.0
53.3
99.3
79.2
86.5
76.0
81.6
52.3
70.0
37.8
58.0
37.3
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
3.6
4.8
0.1
9.9
0.2
0.2
0.1
0.1
0.1
0.1
116.7
63.7
100.0
0.0
270.8
690.6
100.0
25.0
135.0
116.7
100.0
0.0
115.0
53.3
100.0
0.0
44.7
52.7
11.0
98.3
22.4
37.6
8.0
23.8
5.2
3.3
25.8
34.4
10.0
2.5
12.9
8.1
10.0
0.0
20.5
22.2
10.0
10.0
10.5
3.2
10.0
0.0
5.6
4.7
2.5
9.0
2.3
2.1
2.0
2.0
1.7
1.6
30.8
27.2
20.0
30.0
67.5
37.3
70.0
40.0
60.5
49.7
50.0
32.5
49.3
25.2
45.0
32.5
27.5
24.2
15.0
30.0
36.8
27.4
30.0
20.0
30.5
12.8
100.0
0.0
100.0
0.0
141.7
144.2
100.0
0.0
107.5
35.0
100.0
0.0
145.0
240.7
100.0
0.0
58.6
102.2
11.0
97.3
46.7
174.6
5.0
14.0
3.1
3.3
1999
2000
2001
2002
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
6.7
2.4
6.8
1.6
7.4
1.5
6.9
1.7
7.2
1.6
7.2
1.4
7.4
1.4
6.9
1.5
7.0
1.4
7.4
0.3
7.3
0.2
7.3
0.3
7.2
0.2
7.2
0.3
7.3
0.3
7.3
0.4
7.3
0.2
7.3
0.2
14.0
14.0
22.8
27.8
15.0
12.1
16.7
17.1
13.0
9.6
16.2
12.8
13.5
7.3
15.3
10.3
12.0
7.7
2.50
1.43
2.56
1.44
2.40
1.95
2.12
0.92
2.10
1.10
2.46
1.27
1.95
2.38
2.68
1.55
2.10
1.63
4.80
9.24
5.57
4.77
4.70
9.07
6.52
5.67
3.90
10.90
6.47
4.51
6.15
7.40
5.53
5.61
2.95
9.13
1.10
0.57
1.12
0.59
1.15
0.66
0.97
0.33
0.94
0.39
1.00
0.45
0.99
0.53
0.93
0.35
0.95
0.47
9.5
11.4
26.5
34.1
17.5
12.3
16.3
11.5
15.0
13.7
19.0
18.6
12.0
17.1
20.7
28.4
13.0
10.2
54.0
22.3
46.4
27.4
40.0
13.8
49.6
22.9
48.0
36.0
31.9
9.7
32.0
7.3
31.1
7.9
30.0
8.0
0.1
0.1
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
4.0
3.0
3.8
2.7
3.0
3.0
4.8
4.0
4.0
4.0
6.4
3.1
6.0
2.0
7.6
6.4
6.0
4.0
1.0
1.0
2.3
2.5
1.5
1.0
1.4
0.6
1.0
1.0
1.6
1.0
1.0
1.0
2.4
5.6
1.0
1.0
30.0
20.0
43.8
27.2
30.0
20.0
35.6
13.4
30.0
10.0
32.9
12.3
30.0
12.5
41.0
25.6
30.0
10.0
1.0
3.3
2.0
1.5
1.0
1.3
2.1
1.7
2.0
1.0
2.8
1.8
2.0
2.3
2.9
1.6
3.0
2.0
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Descriptive statistics for the yearly trend of KN5
Year
1986
1987
1988
1989
1990
1991
1992
1993
1994
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
DO (mg/L)
5.7
2.3
5.4
3.7
4.0
2.5
2.9
3.1
5.6
4.3
4.0
4.3
8.6
4.5
8.6
5.9
14.0
4.1
14.9
5.7
8.1
3.2
8.5
3.2
3.3
2.2
3.0
1.9
4.5
3.0
4.2
4.4
11.2
2.8
pH
7.1
0.6
6.9
0.6
7.3
0.5
7.1
0.5
7.3
0.8
6.9
0.7
7.9
0.9
7.7
0.9
8.8
0.3
8.7
0.4
8.0
0.6
8.1
0.6
7.5
0.6
7.4
0.6
7.4
1.1
6.9
0.6
8.7
0.4
BOD5 (mg/L)
65.9
49.1
55.8
44.4
87.0
55.8
86.9
84.3
74.1
54.4
67.8
85.5
43.7
54.3
15.9
68.7
10.8
8.6
10.1
13.1
9.7
2.9
8.0
2.5
90.8
47.2
74.5
27.3
77.3
62.8
62.0
78.8
17.6
9.9
NO3 (mg/L)
0.46
0.50
0.29
0.59
0.09
0.15
0.01
0.08
0.38
0.56
0.00
0.66
0.61
0.40
0.62
0.38
0.47
0.55
0.32
0.68
0.34
0.42
0.13
0.38
0.16
0.28
0.02
0.15
1.38
1.57
1.36
2.66
0.60
0.11
NH4 (mg/L)
3.01
1.24
3.10
1.40
7.56
6.69
6.80
4.70
7.47
8.87
6.10
7.38
2.26
2.40
0.96
4.44
4.02
7.33
0.53
4.40
0.58
0.40
0.65
0.40
3.74
1.89
3.70
3.21
3.02
2.21
3.45
2.38
0.93
1.05
PO4 (mg/L)
0.59
0.46
0.40
0.47
1.50
1.07
1.40
1.47
1.30
1.18
1.10
1.74
0.24
0.35
0.04
0.35
0.12
0.12
0.10
0.15
0.17
0.03
0.18
0.03
0.58
0.22
0.59
0.34
0.45
0.23
0.40
0.27
0.10
0.09
SS (mg/L)
65.7
71.3
52.0
65.5
200.3
202.9
130.0
174.5
109.4
63.6
103.0
78.5
148.0
292.9
25.0
71.5
25.3
24.2
20.3
34.5
40.7
36.9
29.0
35.5
72.5
43.5
76.5
44.5
43.3
19.4
43.5
32.3
151.5
272.6
COD (mg/L)
399.4
709.6
110.0
125.5
211.6
137.9
210.0
208.0
176.6
154.9
130.0
165.0
281.8
350.0
180.0
148.5
74.8
35.8
66.5
49.3
50.7
48.0
52.0
48.0
144.3
124.9
93.0
77.8
90.8
35.3
89.5
49.8
57.5
20.5
CdGtg/L)
0.2
0.1
0.2
0.1
0.4
0.4
0.3
0.5
1.0
2.0
0.3
0.4
2.9
5.3
0.3
2.8
15.0
5.8
15.0
10.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
Cu(jKg/L)
32.7
22.8
17.0
33.0
55.7
86.0
25.0
44.0
14.2
8.2
12.0
10.5
33.4
41.5
13.5
29.5
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
Pb0*g/L)
8.3
6.4
6.0
5.0
21.2
21.9
16.0
17.0
13.0
9.5
12.0
16.8
60.5
119.4
11.0
28.3
10.0
0.0
10.0
0.0
66.7
98.1
10.0
85.0
27.5
35.0
10.0
17.5
15.0
10.0
10.0
5.0
12.5
5.0
Cr(#g/L)
19.3
44.4
3.0
1.5
7.5
8.9
5.0
3.5
4.3
2.8
4.0
2.3
48.1
55.6
26.5
63.5
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
ZnOtg/L)
85.7
57.1
80.0
45.0
177.4
210.5
130.0
135.0
74.7
50.6
70.0
50.0
144.0
336.5
30.0
35.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
30.0
14.1
35.0
15.0
90.0
56.0
75.0
40.0
40.0
46.9
1995
1996
1997
1998
1999
2000
2001
2002
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
Mean
SD
Median
IQR
11.8
3.9
9.8
2.2
9.7
3.6
8.3
1.3
8.5
1.1
9.0
1.3
9.0
2.2
8.2
5.2
8.1
5.8
7.6
1.1
7.6
1.2
7.8
0.7
7.9
1.0
8.0
0.8
8.1
1.1
7.7
0.9
7.8
1.1
8.7
0.5
8.3
0.7
8.2
0.9
8.5
1.1
8.2
1.3
8.2
0.9
8.0
0.6
7.6
0.3
7.5
0.2
7.5
0.2
7.5
0.2
7.3
0.2
7.3
0.2
7.3
0.3
7.3
0.2
7.3
0.2
7.3
0.2
17.5
12.4
13.5
13.1
7.7
9.0
16.4
8.1
15.0
11.7
11.3
6.0
11.0
3.7
19.2
13.8
15.0
12.3
13.5
5.2
15.0
3.0
13.4
7.6
13.5
7.5
15.2
5.0
14.0
3.8
12.6
6.7
10.5
7.2
0.63
0.08
1.54
0.87
1.40
1.21
3.50
1.36
3.65
2.10
1.87
1.20
1.90
1.93
1.71
1.36
1.90
1.79
2.53
0.85
2.15
0.53
2.62
0.65
2.70
0.85
2.67
1.28
2.20
2.53
3.11
1.53
2.75
2.05
0.68
1.35
0.40
0.06
0.40
0.06
1.50
1.60
0.72
0.83
0.55
0.58
0.33
0.48
8.02
7.62
7.70
11.78
5.62
4.79
5.50
6.53
5.79
6.03
2.35
11.31
6.21
4.96
5.00
7.93
4.62
5.63
2.20
3.88
0.08
0.12
0.40
0.67
0.07
0.34
0.68
0.61
0.54
0.72
0.59
0.84
0.28
0.81
0.95
0.68
1.15
0.75
0.85
0.45
0.83
0.44
0.89
0.29
0.84
0.22
0.85
0.48
0.74
0.68
0.86
0.36
0.88
0.27
20.7
155.8
12.2
5.1
14.0
4.3
66.8
89.2
26.0
56.8
15.5
12.3
16.5
20.1
14.2
14.8
8.0
12.4
19.3
9.1
19.0
11.2
19.3
11.3
17.0
11.7
26.1
23.3
16.0
21.3
24.1
36.8
14.5
7.5
51.0
17.5
30.0
8.1
27.0
4.5
68.0
26.3
68.5
25.5
54.8
20.6
51.5
21.8
55.3
16.1
49.5
9.8
34.0
6.4
34.0
10.5
46.9
23.4
45.5
39.5
30.3
6.9
30.5
6.8
31.3
6.9
30.5
6.5
10.0
0.0
10.0
0.0
10.0
0.0
2.6
5.0
0.1
2.5
0.1
0.1
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.1
0.1
0.0
100.0
0.0
100.0
0.0
100.0
0.0
28.0
48.2
5.5
31.5
10.0
5.6
8.5
4.0
5.8
4.3
4.0
3.8
3.5
2.4
3.5
3.5
4.8
2.8
4.0
4.5
7.3
3.4
6.5
2.0
8.7
8.5
6.5
3.0
10.0
2.5
10.0
0.0
10.0
0.0
3.5
4.4
1.5
3.0
1.5
0.6
1.5
1.0
2.8
3.5
1.0
1.8
1.8
1.0
1.5
1.3
1.3
0.7
1.0
0.3
1.9
1.2
1.5
1.3
1.3
0.7
1.0
0.3
100.0
0.0
100.0
0.0
100.0
0.0
26.3
49.2
2.0
26.3
2.3
1.5
2.0
2.3
4.3
5.9
1.5
3.8
1.0
0.0
1.0
0.0
1.8
1.0
1.5
1.0
2.7
1.7
2.5
1.3
2.8
1.1
3.0
1.3
20.0
25.0
30.0
18.3
30.0
25.0
17.5
9.6
15.0
12.5
17.5
9.6
15.0
12.5
32.5
26.3
25.0
22.5
27.5
5.0
30.0
2.5
38.3
12.7
40.0
10.0
33.3
8.9
30.0
10.0
35.8
10.8
30.0
10.0
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7/7/1986
9/5/1986
11/11/1986
3/16/1987
4/14/1987
5/26/1987
7/2/1987
7/17/1987
8/25/1987
Weather
Wet( 29.5mm)
Wet(19.2mmj]
Wet (11. lmm]
Wet (57.7mm)
Wet (7.3 mm)
Wet (2.6mm)
Wet (18.4 mm]
Wet (3. lmm)
Wet (5 mm)
Descriptive statistics for wet-dry day water quality comparsion
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
DO (mg/L)
5.7
1.0
5.7
1.7
5.4
1.9
5.2
3.1
5.6
1.7
5.4
1.6
6.0
1.8
6.1
2.1
4.3
2.0
5.3
3.0
6.9
1.6
7.1
2.4
6.9
1.1
6.9
1.7
6.2
1.2
6.0
2.1
6.3
PH
7.1
0.3
7.2
0.2
7.2
1.0
6.9
0.2
6.9
0.4
6.8
0.5
7.8
0.5
7.9
0.2
7.6
0.3
7.5
0.1
7.4
0.7
7.3
0.7
7.2
0.2
7.2
0.2
6.9
0.8
6.8
0.1
7.3
IOD5 (mg/I
183.8
101.8
164.2
59.3
82.8
34.3
87.4
32.7
79.8
56.4
71.5
61.9
69.6
49.0
41.9
62.7
80.3
17.3
76.4
29.2
106.5
65.7
88.0
113.5
51.8
27.2
55.0
46.8
148.0
64.6
121.5
82.1
65.9
"JO3 (mg/L
0.149
0.353
0.005
0.002
1.723
3.159
0.455
0.986
0.547
0.611
0.315
0.807
0.061
0.093
0.015
0.056
0.057
0.129
0.002
0.008
0.279
0.464
0.083
0.227
1.961
3.883
0.222
1.206
0.167
0.389
0.007
0.018
0.028
m.4 (mg/L
5.810
2.127
5.100
1.200
6.400
2.548
6.800
3.325
6.867
3.523
5.850
3.125
5.550
2.381
4.750
2.825
18.250
23.973
9.100
3.800
5.267
0.638
5.250
0.975
6.959
3.991
6.750
3.490
7.717
5.585
5.750
1.600
10.050
PO4 (mg/L]
3.021
0.502
3.055
0.525
3.221
0.268
3.230
0.443
3.030
1.238
3.615
0.328
3.100
0.534
2.925
0.888
2.325
0.451
2.250
0.250
3.123
0.539
3.150
0.593
2.315
0.156
2.322
0.128
2.417
0.240
2.132
0.325
2.288
SS (mg/L;
164.2
149.0
125.0
122.5
89.5
46.2
75.0
62.0
52.5
34.2
41.5
56.0
139.0
60.3
145.0
77.3
227.5
248.7
111.5
274.3
690.0
349.1
740.0
325.0
157.2
116.4
170.0
196.3
100.5
74.5
63.0
98.8
174.3
TOD (mg/L
181.2
118.0
155.0
153.0
140.8
117.1
103.5
76.5
1683.3
343.0
1750.0
400.0
243.3
102.5
215.0
77.5
281.3
217.1
190.0
325.0
351.8
266.1
275.0
375.0
169.5
62.0
155.0
40.0
295.0
90.3
250.0
80.0
104.3
CdOig/L)
0.5
0.5
0.2
0.5
0.4
0.2
0.3
0.4
0.5
0.6
0.3
0.3
0.9
1.1
0.6
0.4
0.6
0.6
0.5
0.6
0.8
0.3
0.7
0.3
1.4
1.2
1.0
0.8
1.2
1.4
0.4
1.2
0.7
Cu(/ig/L)
128.5
147.2
45.0
118.8
23.8
18.1
22.0
18.5
293.5
500.2
87.5
176.5
142.5
139.7
67.5
175.8
140.2
74.5
130.0
93.5
2205.0
2304.7
1130.0
3502.5
261.0
284.7
175.5
292.8
153.2
86.9
185.0
129.3
150.3
Pb(/ig/L
18.2
19.1
12.0
11.3
7.0
7.9
4.5
1.8
9.3
6.1
8.0
10.0
24.0
8.0
27.0
12.0
24.8
16.7
18.5
13.0
100.5
75.3
87.5
10.8
30.2
28.5
20.5
42.5
8.2
5.5
6.0
6.8
12.8
ZnivgIL)
176.7
149.2
120.0
112.5
65.0
22.6
60.0
27.5
128.3
103.0
95.0
70.0
220.0
127.0
205.0
135.0
158.3
60.8
135.0
67.5
328.3
173.3
345.0
232.5
238.3
189.4
220.0
345.0
150.0
61.6
140.0
57.5
110.0
Cr(/ig/L)
60.0
63.6
44.0
93.3
48.7
39.5
44.0
18.8
175.7
239.2
91.0
190.3
260.5
270.7
205.0
459.0
266.3
304.0
235.0
237.0
1250.7
2232.6
245.0
1002.3
147.5
125.8
160.0
202.0
409.3
345.5
460.0
519.0
235.7
9/22/1987
6/21/1988
7/19/1988
8/4/1988
8/19/1988
4/3/1989
4/17/1989
5/3/1989
Wet (3.5 mm)
Wet (5. lmm)
Vet (203. lmm
Wet (16. lmm;
Wet (23.7 mm]
Wet (0.8 mm)
Wet (29.5 mm]
Wet (30.4 mm]
SD
MEDIA1S
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIATE
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
0.7
6.3
1.0
5.0
1.6
5.1
1.1
4.5
0.8
4.5
1.5
6.6
0.6
6.8
0.2
4.7
1.2
4.6
1.1
6.4
0.5
6.5
0.6
5.1
2.4
5.1
4.3
5.5
2.4
5.6
2.0
7.3
1.5
7.5
1.7
0.5
7.1
0.5
7.9
0.4
7.8
0.5
6.9
0.1
6.9
0.2
7.0
0.1
7.0
0.1
7.1
0.5
7.0
0.4
7.1
0.1
7.1
0.1
7.4
1.3
7.0
0.8
8.3
1.7
7.7
0.9
7.6
0.4
7.7
0.4
22.5
74.5
26.5
64.2
42.6
72.5
48.0
118.0
54.9
122.3
81.1
44.7
16.7
42.3
23.0
44.0
9.7
40.0
8.8
28.2
9.2
25.7
11.0
150.9
55.9
151.0
26.5
141.7
106.9
127.8
142.8
57.9
23.0
60.4
21.9
0.009
0.031
0.004
1.408
2.124
0.564
1.929
0.007
0.010
0.003
0.003
5.573
7.667
3.450
1.650
4.333
4.202
1.800
6.050
0.823
1.997
0.005
0.018
0.019
0.026
0.003
0.038
0.215
0.308
0.025
0.399
2.205
2.635
1.300
1.468
4.867
8.250
7.175
5.450
2.636
4.750
1.900
10.750
7.774
8.350
4.250
2.083
1.134
1.900
0.450
5.678
1.955
5.000
1.225
4.116
1.350
4.850
0.855
9.533
4.486
8.650
5.325
6.017
3.456
4.550
0.775
4.950
1.337
5.200
2.150
0.874
2.700
0.525
3.146
0.367
3.154
0.300
2.082
2.291
2.500
0.500
2.600
0.589
2.360
0.100
2.743
0.401
2.590
0.233
0.148
0.215
0.048
0.077
0.968
0.606
0.895
0.750
0.494
0.309
0.515
0.318
0.472
0.177
0.510
0.260
166.9
143.0
277.3
146.7
101.9
112.0
99.5
73.3
47.7
72.5
87.0
105.7
85.7
101.0
147.8
82.3
57.3
83.0
95.8
210.5
158.6
195.0
263.0
340.8
463.2
133.0
404.5
1497.3
3480.2
78.0
134.0
534.1
536.6
340.0
645.0
55.5
86.5
66.0
210.2
207.7
103.0
287.0
213.3
70.9
230.0
100.0
141.2
38.3
135.0
60.0
91.2
69.0
69.5
75.5
69.2
36.7
71.5
62.5
270.2
180.7
240.0
182.5
441.5
406.5
360.0
300.0
76.7
26.7
79.0
35.3
0.3
0.6
0.3
0.3
0.2
0.3
0.2
1.0
0.7
0.8
0.9
5.5
1.2
5.8
1.7
0.8
0.3
0.9
0.5
4.2
0.9
4.9
0.4
6.1
1.1
6.7
1.2
6.4
6.4
6.0
1.8
16.3
1.5
17.0
1.5
115.0
133.0
140.5
19.3
17.0
18.0
11.0
99.3
132.6
29.0
139.8
47.8
27.1
45.5
12.5
203.8
276.2
75.0
234.0
34.2
22.6
31.5
39.3
371.7
339.3
205.0
537.5
673.3
919.1
251.5
989.3
101.2
15.0
95.5
24.3
10.0
8.5
14.5
2.7
2.7
1.5
1.8
23.5
16.0
17.0
19.5
25.5
6.2
27.5
9.0
25.3
7.6
28.5
9.8
33.0
16.5
35.5
26.0
78.7
98.4
19.5
132.0
74.0
76.6
14.0
5.0
375.0
32.7
385.0
47.5
54.0
130.0
60.0
33.3
20.7
30.0
15.0
126.7
133.5
80.0
65.0
81.7
55.3
60.0
50.0
101.7
81.8
85.0
40.0
110.0
61.0
95.0
52.5
483.3
425.4
290.0
580.0
176.7
122.7
175.0
117.5
36.7
19.7
30.0
22.5
235.0
213.0
416.5
33.2
36.8
21.0
38.3
376.5
427.2
240.0
498.8
60.5
43.7
74.5
74.5
89.2
82.0
81.5
147.3
105.7
108.8
87.5
156.8
487.2
709.5
260.0
328.5
647.7
804.2
401.0
782.0
39.8
5.8
37.5
7.0
5/17/1989
8/22/1989
5/15/1991
8/13/1991
5/31/1993
2/17/1994
7/21/1994
9/28/1994
12/12/1994
Wet (21.lmm;
Wet (75. lmm;
Wet (17.7 mm;
Wet (1.7 mm)
Wet (25.7 mm;
Wet (0.9 mm)
Wet (32.5 mm;
Wet (9.4mm)
Wet (7.2 mm)
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
M E D ^
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIA>
IQR
Mean
SD
MEDIA>
IQR
Mean
SD
MEDIA]>
IQR
Mean
SD
MEDIA1>
4.3
0.6
4.6
0.9
5.3
1.5
5.3
2.4
6.8
2.9
6.5
1.8
7.3
1.4
7.6
1.5
3.4
1.6
4.6
1.4
4.9
4.6
6.9
2.5
7.5
1.0
7.5
0.7
7.0
1.0
7.0
0.7
5.1
0.0
5.4
8.0
0.9
8.1
1.3
6.9
0.3
6.9
0.5
7.1
0.5
6.9
0.3
7.1
0.3
7.1
0.3
6.6
0.2
6.7
0.3
7.4
0.6
7.3
0.4
8.4
1.3
8.4
1.0
9.0
1.6
9.0
1.2
7.5
0.1
7.5
53.8
22.0
44.5
35.8
101.8
21.6
109.5
26.7
83.3
43.9
80.5
49.8
48.7
25.6
50.0
28.8
42.0
20.7
35.5
16.0
104.7
106.7
88.0
87.5
18.5
14.9
18.5
10.6
52.0
14.1
52.0
10.0
95.5
48.8
95.5
1.260
0.990
0.815
0.590
0.079
0.182
0.006
0.006
0.099
0.015
0.094
0.007
0.405
0.943
0.010
0.057
4.558
1.188
4.730
1.118
0.197
0.278
0.051
0.252
0.775
0.898
0.775
0.635
0.779
1.020
0.779
0.721
0.006
0.004
0.006
3.772
2.878
2.900
3.050
9.817
5.649
7.600
2.675
8.709
6.573
9.545
9.908
6.062
5.269
4.570
4.483
0.052
0.011
0.048
0.004
5.362
5.088
5.340
7.643
0.603
0.802
0.603
0.567
2.680
- 0.481
2.680
0.340
4.525
2.779
4.525
0.548
0.404
0.390
0.620
0.029
0.013
0.024
0.015
1.245
0.780
1.715
1.110
0.690
0.550
0.519
0.251
0.653
0.288
0.647
0.482
0.696
0.596
0.697
0.927
0.090
0.071
0.090
0.051
0.169
0.152
0.169
0.108
0.428
0.211
0.428
91.2
78.5
51.0
79.8
85.2
57.5
61.5
68.3
47.3
23.0
37.5
31.0
45.7
46.7
28.0
60.1
91.3
138.4
30.0
48.3
18.8
14.3
16.5
16.3
245.5
218.5
245.5
154.5
1905.0
2255.7
1905.0
1595.0
64.5
3.5
64.5
95.7
47.0
88.5
72.5
311.7
224.3
225.0
170.0
298.7
171.1
330.0
195.0
87.0
66.0
69.0
28.3
72.5
32.9
80.5
38.5
140.5
117.4
124.0
129.8
98.5
101.1
98.5
71.5
40.0
0.0
40.0
0.0
70.0
17.0
70.0
6.6
0.5
6.4
0.4
5.9
1.0
5.7
1.1
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
53.0
37.0
46.0
62.5
832.3
1452.8
140.0
736.3
150.0
122.5
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
300.0
282.8
300.0
22.8
11.4
20.5
7.5
29.7
15.5
22.0
23.8
248.3
303.2
155.0
352.5
15.0
5.5
15.0
10.0
15.0
12.2
10.0
0.0
46.7
38.3
45.0
45.0
20.0
14.1
20.0
10.0
25.0
21.2
25.0
15.0
10.0
0.0
10.0
NM
NM
NM
NM
86.7
96.1
55.0
32.5
83.3
30.1
85.0
25.0
36.7
25.0
35.0
40.0
66.7
23.4
70.0
30.0
78.3
34.9
65.0
52.5
75.0
7.1
75.0
5.0
70.0
56.6
70.0
40.0
30.0
0.0
30.0
23.0
20.1
22.0
14.8
46.5
50.3
29.5
74.0
116.7
40.8
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
150.0
70.7
150.0
6/29/1995
7/14/1995
9/18/1995
4/19/1996
6/21/1996
8/22/1996
9/20/1996
3/20/1997
5/19/1997
Wet (1.4mm)
Wet (67.2 mm;
Wet (2.6mm)
Wet (63.9mm)
Wet (34.8mm)
Wet (10.5mm)
Wet (43. lmm;
Wet (7. lmm)
Wet (19.8 mm;
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIAE
IQR
Mean
SD
MEDIAE
IQR
Mean
SD
MEDIA]>
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
0.0
7.9
0.8
7.9
0.6
7.7
0.4
7.7
0.3
7.9
0.5
7.9
0.4
7.4
0.3
7.4
0.2
8.0
1.5
8.0
1.1
7.8
3.2
7.4
5.0
7.4
0.6
7.4
0.4
7.8
2.8
7.5
0.5
7.0
2.7
0.0
7.6
0.1
7.6
0.0
7.6
0.1
7.6
0.0
7.4
0.1
7.4
0.0
7.5
0.2
7.5
0.1
7.3
0.2
7.3
0.2
7.7
0.7
7.5
1.1
8.4
1.1
8.4
0.8
7.4
3.2
7.4
0.0
7.6
0.4
34.5
6.0
1.8
6.0
1.3
15.5
14.9
15.5
10.6
10.7
1.8
10.7
1.3
10.8
3.1
10.8
2.2
16.5
6.4
16.5
4.5
55.5
50.4
50.0
55.9
21.0
12.7
21.0
9.0
18.0
31.3
23.5
4.0
36.2
21.8
0.003
1.100
0
1.100
0
1.455
0.771
1.455
0.545
3.400
0
3.400
0
5.800
0.424
5.800
0.300
2.850
0.354
2.850
0.250
0.713
1.076
0.026
1.485
0.460
0.424
0.460
0.300
4.700
1.816
1.537
0.300
0.416
0.681
1.965
0.275
0.035
0.275
0.025
0.515
0.304
0.515
0.215
0.725
0.106
0.725
0.075
0.365
0.049
0.365
0.035
3.000
0.283
3.000
0.200
5.065
7.026
3.000
3.018
0.890
1.004
0.890
0.710
1.750
3.337
2.077
0.250
1.773
1.920
0.150
1.300
0
1.300
0
0.625
0.247
0.625
0.175
1.650
0.071
1.650
0.050
1.300
0
1.300
0
0.750
0.071
0.750
0.050
1.052
0.878
1.020
1.420
0.094
0.065
0.094
0.046
1.035
0.636
0.792
0.065
0.166
0.188
2.5
21.0
5.7
21.0
4.0
37.5
30.4
37.5
21.5
30.0
2.8
30.0
L _ 2.0
18.5
6.4
18.5
4.5
25.5
16.3
25.5
11.5
44.0
49.3
28.5
30.3
88.5
72.8
88.5
51.5
75.0
38.0
33.5
35.0
41.7
16.0
12.0
23.5
2.1
23.5
1.5
28.0
14.1
28.0
10.0
59.0
1.4
59.0
1.0
62.0
17.0
62.0
12.0
69.0
29.7
69.0
21.0
75.2
43.8
77.5
52.8
17.0
5.7
17.0
4.0
71.0
65.5
79.3
1.0
56.8
25.7
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
4.0
0.1
0.0
0.3
0.1
200.0
100.0
0.0
100.0
0.0
150.0
70.7
150.0
50.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
7.5
15.0
1.0
1.5
21.5
29.0
21.5
20.5
8.0
50.6
10.5
3.0
44.8
41.8
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
1.2
0.4
1.0
0.0
10.5
7.8
10.5
5.5
2.0
4.4
2.0
1.0
2.5
0.8
0.0
85.0
21.2
85.0
15.0
80.0
28.3
80.0
20.0
60.0
14.1
60.0
10.0
60.0
14.1
60.0
10.0
20.0
0.0
20.0
0.0
10.0
0.0
10.0
0.0
45.0
35.4
45.0
25.0
50.0
22.9
20.0
10.0
26.7
8.2
50.0
100.0
0.0
100.0
0.0
250.0
212.1
250.0
150.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
9.5
20.3
1.0
0.8
78.0
114.6
89.0
81.0
2.5
175.2
9.3
0.5
35.3
22.9
6/13/1997
7/17/1997
8/25/1997
1/15/1998
6/18/1998
9/14/1998
12/18/1998
5/27/1999
7/23/1999
svet (145.1 mm
Wet (81.9mm)
Wet (27.6 mm;
Wet (13.2 mm]
Wet (0.7 mm)
Wet (24.7mm)
Wet (1.5 mm)
Wet (28. lmm;
Wet (2.3 mm)
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
7.5
4.0
7.1
0.4
7.1
0.3
7.3
0.3
7.3
0.2
7.8
1.7
7.6
1.8
7.4
0.4
7.4
0.3
7.3
0.2
7.2
0.1
8.4
0.1
8.4
0.1
8.4
1.8
8.5
1.3
8.7
1.1
8.1
1.2
8.1
7.5
0.6
7.4
0.1
7.4
0.0
7.2
0.1
7.2
0.1
7.5
0.3
7.6
0.5
7.4
0.2
7.4
0.1
7.4
0.1
7.4
0.0
7.1
0.0
7.1
0.0
7.3
0.6
7.3
0.4
7.4
0.2
7.4
0.2
7.2
35.5
31.5
12.0
0.0
12.0
0.0
6.5
0.7
6.5
0.5
24.4
16.3
21.5
22.3
16.0
1.4
16.0
1.0
13.5
0.7
13.5
0.5
11.9
3.0
11.9
2.1
43.8
48.4
43.8
34.3
21.0
9.2
17.5
11.8
6.3
0.046
0.514
4.100
0.283
4.100
0.200
2.650
1.909
2.650
1.350
0.713
0.448
0.650
0.388
3.800
0.141
3.800
0.100
3.000
0.141
3.000
0.100
2.900
0.424
2.900
0.300
1.352
1.907
1.352
1.349
1.505
0.637
1.395
1.058
4.900
1.250
1.060
3.700
0.849
3.700
0.600
0.310
0.113
0.310
0.080
0.661
1.211
0.130
0.386
8.000
0.424
8.000
0.300
12.000
0
12.000
0
4.450
1.061
4.450
0.750
2.350
1.202
2.350
0.850
6.017
2.373
6.100
3.025
0.365
0.120
0.053
1.500
0.141
1.500
0.100
0.460
0.396
0.460
0.280
0.063
0.086
0.032
0.052
1.200
0
1.200
0
1.100
0
1.100
0
0.995
0.148
0.995
0.105
0.385
0.007
0.385
0.005
0.565
0.214
0.650
0.275
1.850
43.5
26.0
13.1
5.5
13.1
3.9
77.5
74.2
77.5
52.5
119.2
184.2
24.5
130.0
18.0
2.8
18.0
2.0
21.0
5.7
21.0
4.0
17.2
12.5
17.2
8.9
73.2
94.5
73.2
66.9
47.2
36.3
40.5
34.5
9.4
62.5
26.3
55.5
9.2
55.5
6.5
122.5
82.7
122.5
58.5
77.3
32.4
80.0
19.5
56.0
1.4
56.0
1.0
65.5
2.1
65.5
1.5
26.0
8.5
26.0
6.0
38.0
32.5
38.0
23.0
32.5
5.1
33.0
8.3
47.0
0.2
0.2
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.3
0.1
0.3
0.2
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.2
0.1
0.2
0.1
0.2
0.1
0.1
0.0
0.2
44.0
32.5
6.5
3.5
6.5
2.5
17.5
13.4
17.5
9.5
16.5
15.1
10.5
23.8
6.0
1.4
6.0
1.0
7.0
2.8
7.0
2.0
5.0
1.4
5.0
1.0
4.0
0.0
4.0
0.0
7.0
4.6
8.5
6.8
4.0
3.0
0.8
1.5
0.7
1.5
0.5
6.0
5.7
6.0
4.0
2.3
1.4
2.0
0.0
1.5
0.7
1.5
0.5
2.0
1.4
2.0
1.0
2.0
0.0
2.0
0.0
4.0
4.2
4.0
3.0
5.5
4.7
3.0
6.8
1.5
30.0
0.0
25.0
7.1
25.0
5.0
125.0
35.4
125.0
25.0
43.3
15.1
40.0
15.0
35.0
7.1
35.0
5.0
35.0
7.1
35.0
5.0
25.0
7.1
25.0
5.0
35.0
21.2
35.0
15.0
58.3
44.5
35.0
62.5
60.0
31.5
37.3
12.5
9.2
12.5
6.5
10.0
7.1
10.0
5.0
10.7
7.5
8.0
9.3
5.5
0.7
5.5
0.5
1.0
0.0
1.0
0.0
2.5
0.7
2.5
0.5
1.0
0.0
1.0
0.0
2.0
1.1
2.0
2.0
3.0
1/21/2000
2/25/2000
6/7/2000
7/21/2000
8/21/2000
10/12/2000
7/13/2001
5/9/2002
Wet (10.8 mm^
Wet (2.5 mm)
Wet (1.3mm)
Wet (33.6mm)
Wet (3.6 mm)
Wet (3.9 mm)
Wet (41mm)
Wet (19.3mm)
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
0.3
8.1
0.2
8.3
0.4
8.5
0.2
8.7
0.7
8.8
0.7
7.4
1.2
7.8
1.1
8.0
0.1
8.2
0.2
8.1
2.0
8.1
1.0
7.6
2.5
7.7
0.4
8.2
1.3
8.5
1.3
8.0
1.68
8.6
0.8
0.0
7.2
0.0
7.6
0.1
7.6
0.0
8.2
0.0
7.2
0.0
7.3
0.2
7.4
0.2
7.5
0.2
7.4
0.1
7.4
0.1
7.4
0.2
6.9
3.1
6.9
0.1
7.2
0.1
7.2
0.0
7.3
0.04
7.3
0.0
1.1
6.3
0.8
20.5
9.1
19.0
5.5
11.8
2.5
12.5
2.5
7.7
2.8
9.0
1.8
3.9
0.8
3.6
0.5
8.8
0.7
8.8
0.9
10.0
2.1
10.0
0.6
12.7
3.6
13.5
2.9
20.5
14.83
13.5
14.3
0.424
4.900
0.300
2.050
0.191
2.100
0.250
1.750
0.176
1.700
0.275
2.500
0.283
2.600
0.300
2.248
0.973
2.700
0.503
2.600
0.668
2.900
0.350
2.900
1.078
2.800
0.300
1.213
0.444
1.400
0.238
1.635
0.798
1.950
0.100
0.007
0.365
0.005
12.500
0.577
12.500
1.000
15.000
0.894
15.000
1.500
0.525
0.240
0.435
0.155
0.180
0.036
0.175
0.055
1.615
1.397
0.995
0.890
2.900
1.097
2.600
0.450
2.625
0.785
2.600
1.275
3.733
1.948
3.000
0.150
0.071
1.850
0.050
0.960
0.229
0.860
0.165
0.882
0.135
0.870
0.158
1.055
0.122
1.050
0.145
0.705
0.313
0.830
0.200
1.038
0.211
1.020
0.243
0.820
0.285
0.740
0.150
1.053
0.247
1.100
0.148
0.882
0.157
0.825
0.040
3.7
9.4
2.7
18.0
11.2
18.5
14.5
15.4
3.8
16.0
5.0
13.2
7.9
16.0
5.9
12.0
8.1
8.5
6.3
11.5
5.0
12.0
3.0
6.9
1.6
7.0
1.9
14.7
5.4
13.5
5.4
8.8
2.96
8.6
2.0
7.1
47.0
5.0
66.0
4.1
64.5
3.0
64.8
6.1
64.0
10.3
88.8
2.8
88.5
3.8
24.3
7.6
25.5
6.8
38.0
4.8
38.0
7.0
27.3
9.9
25.0
4.3
29.8
5.4
31.5
5.3
28.5
6.66
27.5
4.0
0.1
0.2
0.1
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.00
0.1
0.0
1.4
4.0
1.0
1.3
0.5
1.0
0.3
2.3
1.4
2.0
0.0
5.8
2.1
6.0
1.3
9.3
5.1
8.5
5.3
6.5
1.7
7.0
1.0
2.8
1.3
3.0
0.3
6.3
1.0
6.5
1.3
4.2
0.75
4.0
0.8
0.7
1.5
0.5
1.3
0.5
1.0
0.3
1.3
0.5
1.0
0.8
1.5
1.0
1.0
0.5
2.3
1.0
2.5
1.3
1.5
1.0
1.0
0.5
1.0
0.0
1.0
0.0
1.8
0.5
2.0
0.3
1.0
-
1.0
0.0
28.3
60.0
20.0
22.5
12.6
20.0
7.5
30.0
11.0
30.0
7.5
30.0
8.2
30.0
5.0
37.5
5.0
40.0
2.5
42.5
12.6
40.0
7.5
45.0
28.0
30.0
20.0
35.0
5.8
35.0
10.0
26.7
8.16
25.0
10.0
0.0
3.0
0.0
1.0
0.0
1.0
0.0
2.3
0.5
2.0
0.8
2.5
0.6
2.5
1.0
4.3
1.9
3.5
1.8
2.0
0.0
2.0
0.0
2.0
0.7
2.0
0.0
3.8
0.5
4.0
0.3
1.5
0.55
1.5
1.0
6/21/2002
7/18/2002
10/21/2002
12/12/2002
8/19/1986
3/7/1988
5/3/1988
1/10/1989
2/20/1991
Wet (2.5 mm)
Wet (0.9 mm)
Wet (50.1mm)
Wet (0.8 mm)
Dry+ 0.1 mm
Dry + 0.5 mm
Dry + 0.5 mm
Dry + 0.1 mm
Dry + 0.2mm
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIA1>
IQR
Mean
SD
MEDIAF
IQR
Mean
SD
MEDIAF
IQR
Mean
SD
MEDIAE
IQR
Mean
SD
MEDIAJV
IQR
Mean
SD
MEDIAlv
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIAE
8.0
1.3
8.6
0.8
8.4
2.2
8.4
2.6
7.0
0.1
7.0
5.0
8.5
0.8
8.1
6.6
3.9
1.3
3.9
2.0
4.0
4.4
4.0
2.2
4.0
1.5
4.1
2.6
4.6
3.6
4.2
3.8
5.3
3.7
5.2
7.3
0.0
7.3
0.0
7.4
0.3
7.4
0.4
7.2
0.1
7.2
5.5
7.3
0.0
7.3
5.5
7.2
0.5
7.1
0.3
7.2
0.8
6.9
0.8
6.9
0.4
7.1
0.4
6.9
0.2
6.9
0.3
7.3
0.6
7.1
10.5
3.6
10.7
5.3
28.7
17.4
31.0
24.3
9.5
0.4
9.3
6.9
6.6
0.3
6.8
3.7
203.0
277.4
102.0
40.9
60.9
60.3
25.9
85.2
148.3
73.9
147.7
69.0
66.3
54.4
58.6
33.7
54.0
24.9
57.0
4.500
1.738
5.300
1.050
0.876
1.010
0.851
1.723
2.800
0.781
3.200
2.577
3.367
0.153
3.400
2.500
3.866
1.316
3.392
0.933
2.175
0.404
2.013
0.013
3.002
0
3.002
0
0.156
0.244
0.006
0.269
0.199
0.331
0.016
1.038
1.775
0.165
0.903
3.275
2.451
2.800
2.875
1.767
0.231
1.900
1.600
3.000
0.300
3.000
2.425
5.833
3.805
5.700
7.000
8.970
12.474
4.700
2.800
6.167
3.171
5.900
0.950
9.933
5.778
11.300
7.350
6.892
7.788
5.100
1.575
0.189
1.650
0.175
0.398
0.138
0.405
0.163
0.940
0.367
1.100
1.000
0.597
0.042
0.610
0.453
0.922
0.640
0.780
0.985
1.013
1.497
0.385
0.550
1.138
0.796
0.855
0.418
1.531
0.987
1.800
1.053
0.860
0.619
0.785
11.6
6.4
12.0
5.4
23.8
14.8
19.0
12.8
15.3
8.5
11.0
14.0
16.7
5.5
17.0
5.8
195.0
321.4
66.5
36.0
62.5
67.8
26.0
71.8
316.8
324.2
175.0
378.8
89.6
134.5
28.0
85.8
23.1
23.5
14.0
19.8
1.3
20.0
0.8
39.0
15.6
36.5
14.5
25.7
5.1
27.0
22.2
31.0
3.0
31.0
20.6
331.7
429.9
155.0
135.0
248.0
170.8
230.0
195.0
423.3
265.8
360.0
337.5
111.3
54.6
95.5
80.5
10.7
21.2
2.0
0.1
0.0
0.1
0.0
0.2
0.1
0.2
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.1
0.9
1.2
0.1
1.4
0.9
0.6
1.0
0.9
0.4
0.3
0.3
0.3
10.6
1.9
9.6
1.6
10.0
0.0
10.0
6.8
1.9
7.5
1.8
9.8
3.6
8.5
1.6
6.0
1.0
6.0
3.8
7.7
0.6
8.0
5.8
52.3
56.3
28.0
59.8
166.8
364.2
14.5
19.0
53.5
78.9
16.0
35.5
124.2
214.9
37.0
44.3
100.0
0.0
100.0
1.0
0.0
1.0
0.0
4.8
4.3
3.5
2.8
1.7
1.2
1.0
1.5
1.3
0.6
1.0
1.3
48.5
84.6
15.0
21.0
3.8
2.7
3.5
4.8
12.0
8.7
10.5
12.0
6.3
5.4
4.0
6.0
735.0
488.7
915.0
32.5
5.0
30.0
2.5
77.5
69.0
50.0
20.0
33.3
5.8
30.0
14.8
30.0
0.0
30.0
5.2
336.7
468.0
105.0
415.0
NM
NM
NM
NM
185.0
126.3
120.0
182.5
78.3
64.9
55.0
70.0
18.3
16.0
10.0
4.5
1.0
5.0
0.5
2.5
1.3
2.5
2.5
3.7
0.6
4.0
1.7
3.0
0.0
3.0
1.8
865.6
872.8
219.5
1204.5
145.3
335.5
11.5
9.3
126.0
103.1
139.5
175.5
112.8
115.6
90.0
72.0
100.0
0.0
100.0
8/20/1992
11/26/1993
5/17/1995
2/16/1998
4/29/1998
6/23/1999
4/10/2000
5/23/1986
10/16/1986
Dry+ 0.1 mm
Dry + 0.5 mm
Dry + 0.4mm
Dry + 0.2mm
Dry + 0.4 mm
Dry + 0.4 mm
Dry + 0.3 mm
Dry
Dry
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIAIN
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
3.5
5.6
1.3
5.1
0.3
6.6
2.7
6.4
4.8
6.2
2.6
6.8
2.7
6.3
2.0
6.3
1.0
6.5
0.3
6.5
0.2
5.8
0.6
5.8
0.4
5.8
1.7
5.2
1.0
4.0
0.6
4.1
0.4
5.9
1.7
0.4
7.0
0.3
7.0
0.2
6.9
1.2
6.9
1.9
6.8
0.4
7.0
0.4
7.4
0.4
7.2
0.2
6.8
0.0
6.9
0.0
7.3
0.1
7.3
0.1
7.0
0.1
7.1
0.0
7.5
0.9
7.4
0.7
7.1
0.2
20.0
137.8
47.2
125.0
52.5
128.7
90.2
93.5
83.5
68.5
27.6
77.0
44.0
43.8
20.5
41.0
18.3
29.0
1.4
29.0
1.0
12.0
0.0
12.0
0.0
24.3
6.8
25.5
6.3
116.1
51.1
110.5
57.9
91.6
50.4
0.226
0.025
0.013
0.022
0.008
0.453
1.086
0.013
0.008
0.141
0.300
0.006
0.059
3.243
0.567
3.301
0.011
2.350
0.071
2.350
0.050
3.800
0.707
3.800
0.500
2.525
0.556
2.750
0.375
0.591
1.193
0.033
0.336
0.030
0.069
3.750
6.967
2.936
6.510
2.840
9.247
9.106
6.720
2.143
7.913
6.775
7.350
11.525
2.313
1.857
2.400
2.123
1.600
0
1.600
0
4.600
0.566
4.600
0.400
6.900
0.523
6.900
0.850
7.650
5.954
5.100
7.400
10.683
8.699
0.778
0.831
0.373
0.806
0.207
0.912
0.971
0.609
0.359
( 0.975
0.729
1.200
1.178
0.275
0.224
0.295
0.333
0.900
0.113
0.900
0.080
0.930
0.099
0.930
0.070
1.450
0.058
1.450
0.100
1.200
0.974
1.632
0.220
2.188
0.661
14.6
29.8
33.0
18.5
33.8
117.3
121.4
51.0
148.8
21.3
4.5
22.5
6.8
27.7
25.4
18.0
21.8
17.0
7.1
17.0
5.0
16.5
0.7
16.5
0.5
24.2
12.5
25.5
9.8
95.2
51.3
86.0
73.3
26.5
18.3
0.0
59.0
20.4
58.5
27.5
239.0
152.9
240.0
206.3
69.0
38.9
67.0
48.8
81.8
83.9
53.5
27.8
84.5
7.8
84.5
5.5
36.5
9.2
36.5
6.5
57.8
18.8
52.0
10.8
175.0
78.2
160.0
85.0
283.3
144.5
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
0.2
0.1
0.2
0.2
0.1
0.0
0.1
0.0
0.5
0.4
0.5
0.3
0.1
0.0
0.1
0.0
1.9
2.6
1.2
0.8
0.6
0.3
0.0
100.0
0.0
100.0
0.0
716.7
1365.9
150.0
175.0
100.0
0.0
100.0
0.0
9.3
3.1
10.0
3.5
6.0
0.0
6.0
0.0
1.0
0.0
1.0
0.0
3.0
1.4
2.5
1.5
59.8
75.4
27.0
35.5
38.7
40.7
782.5
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
3.2
2.6
2.0
1.5
1.0
0.0
1.0
0.0
1.5
0.7
1.5
0.5
1.3
0.5
1.0
0.3
27.3
27.0
15.0
38.5
5.0
3.3
7.5
26.7
15.1
20.0
15.0
58.3
30.6
55.0
25.0
50.0
15.5
40.0
22.5
43.3
18.6
40.0
22.5
40.0
0.0
40.0
0.0
55.0
21.2
55.0
15.0
35.0
12.9
35.0
15.0
121.7
37.6
105.0
32.5
125.0
57.5
0.0
100.0
0.0
100.0
0.0
200.0
244.9
100.0
0.0
100.0
0.0
100.0
0.0
3.3
2.5
2.5
1.8
1.0
0.0
1.0
0.0
2.5
0.7
2.5
0.5
1.5
0.6
1.5
1.0
51.3
60.9
27.0
60.3
126.5
81.7
12/4/1986
1/13/1987
2/11/1987
2/25/1987
3/30/1987
4/27/1987
5/12/1987
6/3/1987
6/17/1987
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
MEDIAJN
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIA1S
IQR
Mean
SD
MEDIATS
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIA>
IQR
Mean
5.3
1.8
3.9
3.6
3.9
4.5
3.9
4.1
3.5
3.8
6.4
2.9
6.5
2.8
6.5
1.7
6.0
2.3
4.0
1.4
4.2
2.1
5.0
1.1
5.4
1.3
6.1
1.0
6.5
0.7
4.3
0.7
4.4
0.3
3.5
7.0
0.3
8.0
0.9
7.1
0.8
7.5
0.9
7.2
1.4
8.0
1.0
7.7
1.8
7.6
0.3
7.6
0.2
7.0
0.4
7.0
0.4
8.0
0.3
7.2
0.1
8.0
0.8
7.9
1.0
7.3
0.4
7.5
0.5
8.0
81.5
37.4
126.8
80.2
126.2
124.0
91.7
106.8
66.6
61.8
120.1
94.0
107.8
78.0
127.1
78.3
139.1
131.7
115.1
51.4
119.5
42.5
174.7
90.3
145.5
32.5
137.0
23.3
131.5
13.3
146.5
40.7
159.8
47.6
129.0
0.002
0
5.247
12.618
0.035
0.309
0.095
0.199
0.013
0.034
0.039
0.074
0.010
0.015
0.010
0.013
0.004
0.010
0.006
0.002
0.006
0.002
0.169
0.110
0.185
0.141
0.034
0.077
0.002
0.002
0.003
0.002
0.002
0.001
0.005
8.000
2.975
6.267
4.040
6.000
2.700
9.017
8.578
5.600
10.425
10.150
13.413
6.250
4.075
12.750
12.111
9.100
3.900
19.600
15.678
13.500
10.700
15.017
12.405
11.000
2.300
8.067
7.117
5.650
3.875
4.833
1.948
4.100
1.200
8.167
2.493
1.078
2.057
0.719
2.775
0.825
1.735
1.606
1.350
1.588
1.908
2.348
1.100
0.978
2.202
1.436
2.150
1.770
3.083
2.019
2.550
1.500
2.767
1.160
2.300
0.850
2.790
2.128
2.250
1.450
2.867
1.882
2.200
0.150
2.217
23.5
7.8
124.7
155.9
33.5
224.5
88.0
148.6
10.5
75.6
68.8
98.9
23.5
68.0
74.7
73.2
56.0
20.0
92.8
61.5
61.5
77.3
518.3
461.8
310.0
767.5
109.8
14.3
110.0
15.8
125.5
99.6
119.0
160.3
177.2
245.0
122.5
101.5
92.7
68.5
119.8
414.8
265.2
405.0
335.0
226.0
201.7
165.0
107.5
519.5
332.1
510.0
320.0
445.0
173.9
460.0
245.0
480.0
373.3
310.0
405.0
358.3
114.4
310.0
142.5
226.7
56.5
225.0
72.5
286.7
0.6
0.4
0.4
0.4
0.2
0.5
0.3
0.3
0.2
0.3
0.6
0.5
0.5
0.3
0.6
0.3
0.6
0.3
0.7
0.5
0.6
0.6
0.6
0.5
0.6
0.4
1.5
2.0
1.0
0.6
0.5
0.2
0.5
0.4
0.5
19.5
17.3
400.7
785.8
104.5
118.3
22.2
20.0
17.0
11.8
366.7
516.5
74.0
615.0
602.8
911.4
280.0
612.0
161.3
185.5
90.0
181.3
92.5
59.3
89.0
65.5
361.7
411.9
180.0
582.3
161.3
115.1
195.0
145.5
616.7
4.5
3.8
35.3
46.1
8.5
65.0
6.2
8.5
2.5
4.8
20.3
17.6
15.5
25.3
28.3
30.4
19.0
31.0
20.8
20.9
10.0
29.0
17.3
12.9
13.5
21.3
15.3
6.3
14.0
4.5
26.0
21.0
26.0
28.3
13.7
100.0
72.5
381.7
448.9
115.0
640.0
73.3
106.9
40.0
15.0
578.3
734.3
205.0
1012.5
675.0
773.8
305.0
1330.0
240.0
99.4
250.0
155.0
180.0
81.7
160.0
62.5
278.3
157.4
235.0
165.0
143.3
84.5
155.0
90.0
205.0
150.0
96.5
338.5
483.1
91.0
470.8
212.3
437.2
24.5
96.3
258.5
360.4
136.5
266.5
702.5
1235.9
300.0
180.0
208.8
250.4
117.5
285.0
131.0
166.8
90.0
119.5
336.8
321.9
280.0
527.0
329.2
312.0
300.0
554.5
712.2
8/4/1987
9/8/1987
10/20/1987
10/30/1987
11/9/1987
11/26/1987
12/8/1987
12/22/1987
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIATS
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
1.2
3.1
0.8
4.9
0.5
4.3
0.9
6.5
0.7
6.5
0.8
5.9
1.7
5.7
2.7
5.6
1.9
5.1
2.7
5.7
1.4
5.7
1.9
5.1
1.5
5.9
2.5
5.7
1.2
5.2
1.3
5.5
2.0
5.8
3.6
0.2
6.9
0.3
7.1
0.1
7.1
0.2
8.0
0.3
7.0
0.4
7.0
0.4
6.9
0.3
7.0
0.2
7.0
0.3
6.9
0.3
6.9
0.4
7.1
0.4
7.0
0.2
7.6
1.1
7.6
1.9
6.7
0.2
6.7
0.3
55.0
111.0
48.5
128.9
67.5
130.0
76.0
94.6
32.6
90.4
29.7
80.3
40.8
78.1
66.5
75.2
31.2
85.8
31.6
60.0
12.0
58.4
10.0
96.5
33.2
94.6
46.6
53.8
43.5
37.4
58.9
113.4
67.4
105.3
116.6
0.002
0.005
0.002
0.102
0.224
0.012
0.005
0.006
0.006
0.005
0.004
0.006
0.002
0.007
0.003
0.004
0.001
0.004
0.002
0.013
0.004
0.013
0.004
0.305
0.732
0.007
0.002
0.073
0.156
0.007
0.015
0.007
0.005
0.007
0.007
6.375
6.100
1.650
5.100
1.740
4.850
0.475
10.150
3.631
10.750
3.925
12.200
9.593
8.500
9.550
9.883
8.260
6.950
7.975
7.150
2.906
7.700
1.200
11.017
5.794
8.300
5.625
8.667
4.288
9.650
6.425
16.233
13.272
15.150
24.100
0.643
1.950
0.550
1.943
0.674
1.745
0.368
2.733
1.981
1.950
0.750
2.392
0.557
2.250
0.700
1.700
0.490
1.500
0.425
1.313
0.201
1.350
0.250
1.783
0.534
1.700
0.675
2.942
0.503
2.950
0.233
2.175
1.459
1.935
2.410
171.8
106.0
78.0
68.0
26.5
69.5
29.3
63.0
41.2
64.0
41.5
64.8
76.3
43.0
57.5
111.2
109.4
82.0
25.3
48.8
42.0
37.0
25.8
112.8
67.5
125.0
96.3
128.0
143.7
53.0
107.8
94.0
82.2
79.5
110.0
149.2
265.0
85.0
165.3
47.0
180.0
62.5
164.3
115.7
138.0
152.3
193.7
112.7
170.0
130.0
167.5
76.9
150.0
82.5
122.7
71.2
110.0
32.3
235.0
45.1
245.0
52.5
206.0
131.1
190.0
204.5
186.7
78.7
180.0
135.0
0.2
0.5
0.3
0.5
0.1
0.5
0.2
0.2
0.1
0.2
0.2
1.8
0.8
1.7
1.1
1.3
2.2
0.5
0.4
1.0
0.9
0.6
1.4
0.3
0.2
0.3
0.3
1.0
0.7
0.9
0.7
0.1
0.0
0.1
0.0
482.7
520.0
322.5
110.5
74.6
145.0
111.8
82.0
133.8
27.0
52.8
124.8
179.3
50.5
94.0
42.3
30.8
45.0
46.5
423.3
566.6
98.5
840.5
22.7
33.6
12.5
10.8
79.7
61.8
78.5
46.0
66.8
47.1
66.5
58.3
7.6
11.5
6.0
10.8
4.2
9.5
4.5
6.7
1.6
6.5
2.5
10.5
6.4
8.5
7.5
10.2
8.4
7.5
9.0
7.2
1.5
7.5
1.8
15.8
9.7
17.5
13.0
6.8
2.6
6.5
3.0
5.5
2.6
4.5
2.5
132.8
175.0
87.5
263.3
362.8
120.0
67.5
23.3
17.5
15.0
25.0
110.0
81.0
115.0
90.0
95.0
75.0
65.0
90.0
86.7
63.8
60.0
37.5
86.7
50.9
100.0
80.0
118.3
67.7
100.0
42.5
108.3
92.0
65.0
130.0
820.9
375.0
1275.5
334.5
316.3
280.0
410.3
91.2
112.7
37.0
175.0
182.5
332.8
59.0
34.3
200.5
287.9
39.0
307.3
230.7
278.1
170.0
233.3
72.0
87.8
21.5
126.5
197.2
129.3
220.0
182.5
84.5
123.8
15.5
125.8
1/5/1988
1/19/1988
2/1/1988
2/23/1988
3/21/1988
4/6/1988
4/19/1988
5/20/1988
6/7/1988
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIAE
IQR
Mean
SD
MEDIATE
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
5.4
1.0
5.2
1.4
5.6
1.4
5.5
2.2
5.7
3.5
5.4
4.3
5.5
1.5
5.0
2.6
5.2
1.9
5.9
3.3
4.0
1.3
4.0
0.6
4.5
1.8
4.4
1.6
5.3
2.0
5.6
1.1
3.9
1.2
3.9
7.6
1.1
7.3
1.7
7.3
0.3
7.3
0.2
7.4
0.6
7.3
0.8
6.9
0.2
6.9
0.1
7.1
0.5
6.8
0.2
7.4
0.8
7.2
1.1
7.1
0.6
7.0
0.7
6.8
0.3
6.9
0.3
6.4
0.2
6.4
115.3
36.2
112.0
28.0
80.3
38.5
60.8
45.5
84.5
38.0
73.4
54.5
64.0
34.2
63.7
37.1
101.0
60.7
105.8
98.7
117.4
52.0
116.2
75.8
155.6
26.1
161.5
33.6
3.6
1.0
3.4
1.6
120.0
56.7
105.3
0.866
0.582
0.935
0.818
0.239
0.521
0.010
0.083
0.117
0.261
0.011
0.006
0.175
0.345
0.018
0.106
0.012
0.009
0.012
0.016
0.040
0.057
0.019
0.037
0.004
0.004
0.002
0.002
0.002
0.000
0.002
0
0.002
0
0.002
10.900
5.682
9.250
3.075
18.033
13.991
11.150
15.850
10.783
7.984
8.350
11.275
9.467
5.509
10.400
9.725
15.933
10.862
15.000
10.775
13.883
9.153
10.250
12.850
8.783
4.922
7.600
5.750
14.350
10.120
10.550
10.225
8.750
6.135
6.550
1.617
0.392
1.650
0.725
2.338
2.055
1.250
2.440
1.438
1.136
1.065
0.820
2.712
3.129
1.565
2.650
1.520
1.100
1.500
1.328
2.350
1.191
2.050
1.350
1.602
0.994
1.450
1.365
3.183
2.463
2.100
0.300
1.800
1.043
1.500
88.5
55.1
72.0
87.0
118.2
98.6
60.5
138.5
78.0
53.7
58.0
83.5
60.9
56.3
52.0
75.4
124.2
89.6
103.0
92.8
81.2
60.8
72.0
86.5
72.7
53.1
54.0
68.5
121.7
56.8
119.0
75.5
130.8
134.8
66.0
166.3
95.0
140.0
144.8
228.3
92.8
210.0
80.0
152.2
69.8
145.0
102.5
160.3
78.0
155.0
52.5
275.0
235.5
195.0
115.0
188.2
121.6
140.0
170.0
173.8
79.7
170.0
72.5
353.3
135.9
310.0
165.0
591.7
711.4
330.0
4.1
7.8
0.9
0.9
0.8
0.6
0.8
0.4
0.4
0.3
0.4
0.3
1.6
1.5
1.1
1.4
0.3
0.2
0.3
0.3
0.6
0.1
0.6
0.1
0.3
0.3
0.2
0.3
3.2
2.2
2.7
2.6
3.8
3.8
1.6
373.8
481.7
205.0
331.3
340.5
308.4
320.0
490.8
88.0
89.7
64.0
131.8
39.5
23.2
29.5
37.0
126.2
164.4
27.0
205.0
38.8
33.0
24.0
23.3
201.3
184.5
185.0
299.5
611.3
567.0
540.0
749.5
159.0
117.8
200.0
11.0
2.4
11.0
3.5
4.0
3.6
2.0
3.8
13.7
5.7
12.0
4.5
10.2
3.1
11.0
5.0
7.8
6.5
8.5
12.0
10.3
9.4
9.0
12.5
1.8
1.3
1.0
1.5
10.0
6.4
7.0
8.8
17.0
9.6
12.0
NM
NM
NM
NM
168.3
93.9
155.0
122.5
80.0
61.6
70.0
40.0
NM
NM
NM
NM
53.3
48.0
40.0
77.5
NM
NM
NM
NM
73.3
55.0
75.0
62.5
153.3
55.7
135.0
62.5
160.0
72.9
145.0
188.8
159.0
215.0
265.8
266.3
422.3
99.0
232.8
140.7
164.3
76.0
237.0
8.3
4.9
8.5
7.5
142.7
283.5
36.5
39.5
88.0
126.3
37.0
93.0
206.3
274.7
120.5
211.0
458.5
365.6
605.0
489.0
420.8
335.0
435.0
7/5/1988
9/6/1988
9/20/1988
10/4/1988
10/24/1988
11/4/1988
11/23/1988
12/6/1988
12/20/1988
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIAE
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
1.9
6.0
0.9
6.2
1.4
6.3
0.6
6.1
0.7
5.8
1.0
5.6
1.4
6.5
1.8
6.8
1.5
6.3
1.4
6.9
1.6
5.5
1.8
5.7
2.6
3.6
4.9
3.8
5.1
6.0
2.9
6.0
5.3
6.7
3.1
0.3
6.8
0.6
6.7
0.4
6.5
0.2
6.5
0.3
6.8
0.1
6.9
0.2
6.7
0.2
6.8
0.3
7.0
0.9
6.6
0.2
7.6
0.7
7.6
0.4
7.9
1.5
7.4
1.1
7.7
1.1
7.7
1.9
8.1
1.1
36.0
103.9
33.0
94.3
42.3
95.0
39.6
83.4
33.3
93.9
19.3
95.9
29.3
67.7
10.2
64.6
5.2
102.0
54.6
102.3
89.0
107.5
47.9
107.7
55.8
97.3
66.2
85.4
51.7
105.0
68.5
89.8
70.7
93.2
57.2
0
0.816
1.857
0.002
0.216
0.149
0.217
0.071
0.176
0.030
0.064
0.004
0.006
0.240
0.568
0.011
0.008
0.189
0.289
0.089
0.186
0.845
1.338
0.390
0.655
1.370
3.015
0.018
0.514
0.646
0.810
0.383
1.009
0.707
0.702
2.600
11.900
5.746
10.650
7.125
7.583
4.685
6.000
1.050
6.833
3.360
5.650
3.200
7.083
2.501
6.900
2.900
7.783
2.927
8.400
3.225
10.683
5.393
10.600
7.525
10.147
6.221
13.000
8.300
8.513
4.737
10.500
4.000
9.093
5.394
0.825
1.702
1.008
1.400
0.575
1.390
0.949
1.145
0.618
2.062
0.471
2.020
0.273
1.209
0.730
1.200
0.695
0.815
0.483
0.845
0.405
1.086
0.572
1.200
0.425
0.770
0.626
0.935
0.797
1.297
0.795
1.450
0.998
1.169
0.915
144.5
82.3
56.4
67.0
40.8
54.5
28.6
56.5
26.5
30.3
25.5
22.5
25.0
660.0
1442.4
65.0
167.3
168.0
229.6
81.5
163.5
77.7
47.8
62.5
63.5
77.6
77.8
61.0
24.5
126.0
122.4
103.0
82.0
90.0
72.0
367.5
318.3
155.9
270.0
102.5
104.3
38.5
93.0
44.0
130.0
48.2
135.0
45.0
156.3
122.6
105.5
88.3
310.0
190.4
255.0
110.0
452.0
615.8
230.0
102.5
287.7
310.0
175.0
213.5
376.8
508.2
205.0
142.5
255.3
149.2
5.2
356.7
585.7
9.2
542.5
5.1
6.4
3.3
5.4
0.8
0.3
0.8
0.6
0.7
0.4
0.7
0.5
0.4
0.2
0.4
0.2
0.8
0.4
0.8
0.5
1.1
1.0
0.8
1.0
1.1
0.8
1.1
0.9
0.7
0.5
143.8
862.0
731.4
975.0
1102.8
96.8
84.9
87.5
133.0
335.5
343.9
250.0
456.0
30.5
34.4
13.0
41.5
115.3
160.4
35.5
115.3
211.2
484.5
14.0
10.3
81.2
85.0
66.5
116.8
392.7
388.2
305.0
574.0
115.2
88.0
9.0
7.2
4.0
8.0
5.3
29.0
11.1
30.5
11.5
10.7
3.4
10.5
4.8
7.2
10.5
3.0
5.0
10.7
8.4
7.0
12.8
12.0
5.7
9.5
7.5
19.3
19.8
13.5
12.8
57.0
0.0
57.0
0.0
3.2
2.5
110.0
153.3
63.5
150.0
67.5
480.0
565.8
320.0
552.5
50.0
35.2
40.0
30.0
70.0
0.0
70.0
0.0
53.3
32.7
50.0
37.5
66.7
50.5
40.0
37.5
98.3
97.5
75.0
17.5
121.7
56.7
130.0
70.0
58.3
17.2
525.0
1294.8
1973.3
480.0
1416.3
1301.3
1216.5
1200.0
2046.3
39.5
31.6
35.5
22.8
44.2
36.0
46.5
62.3
29.2
49.6
11.0
7.8
29.2
40.7
14.0
19.5
65.2
49.7
81.5
73.0
219.2
228.9
200.0
197.0
51.2
40.7
1/24/1989
2/3/1989
2/21/1989
3/7/1989
3/20/1989
11/9/1989
2/13/1990
5/15/1990
8/13/1990
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
MEDIAE
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
6.7
5.5
6.2
2.2
6.1
3.7
6.5
2.2
7.0
3.6
6.7
5.5
6.7
3.1
6.2
5.1
6.8
3.9
6.9
3.5
6.9
2.8
6.1
4.0
6.6
7.0
6.7
6.5
6.9
6.2
6.5
2.1
6.7
0.1
7.2
7.9
1.8
7.9
1.6
8.0
2.7
7.1
0.7
7.0
0.5
7.2
0.6
6.9
1.0
7.0
0.8
7.0
0.9
7.7
0.8
7.3
1.2
8.0
1.5
7.6
2.4
8.0
1.5
7.3
1.2
8.3
1.3
7.8
1.4
7.6
93.2
70.6
77.3
76.0
79.4
71.8
108.0
75.1
92.8
67.1
94.6
50.1
105.5
61.9
102.9
81.7
78.1
97.1
111.1
sin
123.7
44.2
84.8
79.6
89.9
138.0
60.1
32.7
65.6
29.9
42.5
32.4
56.1
45.4
114.5
0.710
0.732
1.177
0.684
1.000
0.930
0.159
0.322
0.013
0.084
0.180
0.270
0.048
0.242
0.186
0.380
0.029
0.059
1.221
2.606
0.008
0.597
0.050
0.095
0.002
0.039
0.099
0.235
0.002
0.005
0.288
0.472
0.041
0.289
0.009
9.850
4.550
5.828
3.367
6.750
2.550
7.053
5.686
6.300
4.125
9.077
6.884
8.500
6.700
7.170
5.441
7.000
2.925
10.461
7.336
10.850
9.325
13.307
12.802
10.450
8.425
8.301
5.163
9.550
6.950
6.949
4.943
7.100
3.350
14.900
1.500
1.181
1.169
1.008
1.325
1.492
1.334
1.844
0.640
0.763
1.646
2.004
1.100
1.238
2.067
2.830
0.705
2.068
1.906
2.564
0.770
2.088
1.469
1.302
1.150
0.475
0.566
0.376
0.705
0.533
0.659
0.487
0.760
0.610
0.948
66.0
88.8
94.5
102.2
41.5
91.8
65.0
69.0
29.0
73.0
98.3
107.5
63.0
79.5
111.8
163.2
38.5
92.0
73.1
104.0
40.5
45.3
44.0
10.6
43.0
14.5
20.2
3.7
21.0
0.0
196.7
442.8
13.5
29.1
NM
280.0
157.5
298.3
157.7
240.0
65.0
281.7
126.7
260.0
122.5
528.3
383.8
405.0
100.0
263.3
161.1
220.0
110.0
320.0
236.9
230.0
57.5
140.2
112.5
121.0
172.5
343.3
81.6
390.0
60.0
390.0
0.0
390.0
0.0
116.0
0.6
0.6
2.4
5.2
0.2
0.5
0.1
0.0
0.1
0.0
0.7
0.7
0.5
0.8
0.8
0.4
0.6
0.5
0.9
0.5
0.8
0.6
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
51.7
24.8
65.0
40.0
18.3
138.5
148.3
163.0
146.0
155.0
217.8
38.7
59.8
18.5
9.0
690.0
785.2
505.0
1102.5
366.0
483.6
111.0
669.3
696.3
1121.5
238.0
659.8
116.7
40.8
100.0
0.0
1566.7
3592.6
100.0
0.0
300.0
275.7
200.0
275.0
100.0
2.5
4.5
4.8
3.3
5.5
4.8
6.2
5.0
4.0
3.0
13.5
8.8
16.0
12.8
29.2
20.2
23.0
26.3
65.7
17.2
64.0
19.0
10.0
0.0
10.0
0.0
28.3
18.3
25.0
32.5
13.3
8.2
10.0
0.0
11.7
60.0
15.0
120.0
0.0
120.0
0.0
85.0
67.2
70.0
45.0
180.0
136.8
190.0
162.5
158.3
175.7
105.0
110.0
258.3
296.3
175.0
222.5
68.3
27.1
75.0
17.5
65.0
89.8
10.0
90.0
10.0
0.0
10.0
0.0
61.7
45.5
52.5
281.2
261.0
200.0
322.5
76.3
69.9
82.0
74.8
741.2
795.5
470.0
895.0
692.5
760.9
505.0
637.5
598.5
632.4
435.0
1085.5
133.3
51.6
100.0
75.0
116.7
40.8
100.0
0.0
116.7
40.8
100.0
0.0
100.0
11/12/1990
11/21/1991
2/28/1992
5/13/1992
11/20/1992
2/26/1993
8/31/1993
1/28/1994
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
SD
MEDIA1N
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA1S
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
4.7
7.9
2.2
7.0
2.8
7.4
3.2
7.0
2.8
7.2
5.0
4.6
1.2
4.4
1.3
6.6
1.0
6.8
1.7
5.7
2.6
5.7
4.7
6.9
1.6
6.7
1.2
3.4
0.5
3.4
0.5
7.2
1.7
7.2
1.2
1.1
7.0
1.6
7.4
0.9
7.0
1.2
8.1
1.1
7.9
1.9
7.4
0.5
7.3
0.6
7.4
0.3
7.4
0.5
6.9
0.2
6.9
0.2
6.9
0.1
6.9
0.1
6.9
0.1
6.9
0.0
7.2
0.3
7.2
0.2
71.0
105.7
79.3
47.6
24.0
44.4
32.6
118.6
28.5
110.0
20.0
89.8
16.8
94.5
20.0
61.0
20.3
53.0
11.8
82.3
31.6
78.5
26.3
76.7
46.2
69.0
41.5
56.3
32.4
46.5
46.0
85.5
105.4
85.5
74.5
0.018
0.002
0
0.283
0.646
0.019
0.050
0.072
0.082
0.034
0.043
0.117
0.227
0.022
0.038
0.027
0.004
0.027
0.006
0.038
0.025
0.040
0.018
5.339
3.135
5.835
3.168
0.014
0.011
0.012
0.017
0.377
0.515
0.377
0.365
6.417
14.500
3.250
9.145
9.794
7.400
5.425
10.418
4.526
12.500
7.330
9.085
8.975
6.075
1.468
4.530
2.495
3.910
3.938
3.987
3.915
2.295
1.055
0.878
2.078
0.033
0.011
5.693
1.316
5.515
1.305
6.155
8.691
6.155
6.146
0.622
0.905
1.073
1.072
1.099
0.850
0.973
0.651
0.498
0.461
0.275
2.617
0.313
2.636
0.413
0.654
0.245
0.629
0.169
0.627
0.536
0.436
0.203
0.747
0.335
0.721
0.342
0.795
0.284
0.687
0.272
0.930
1.259
0.930
0.891
NM
NM
NM
125.7
214.1
46.5
47.8
56.8
49.7
31.0
35.0
39.7
19.5
37.0
25.8
50.8
46.1
31.0
67.8
24.2
8.4
23.5
10.8
30.1
24.2
20.5
37.3
16.8
10.1
15.5
17.0
86.5
103.9
86.5
73.5
102.1
103.5
90.8
87.3
43.0
81.5
54.5
258.2
288.0
160.0
40.0
167.5
96.7
160.0
55.0
80.2
29.9
87.0
30.5
98.7
40.9
98.0
48.0
99.8
72.2
85.0
123.8
82.0
58.9
62.0
17.3
135.0
21.2
135.0
15.0
4.1
20.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
680.0
762.9
200.0
1200.0
166.7
121.1
100.0
75.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
133.3
81.6
100.0
0.0
133.3
51.6
100.0
75.0
100.0
0.0
100.0
0.0
4.1
10.0
0.0
13.3
8.2
10.0
0.0
10.0
0.0
10.0
0.0
73.3
42.7
65.0
45.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
16.7
10.3
10.0
15.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
42.6
55.0
10.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
63.3
34.4
60.0
55.0
13.3
8.2
10.0
0.0
20.0
11.0
20.0
20.0
76.7
55.0
70.0
45.0
68.3
41.2
60.0
40.0
185.0
176.8
185.0
125.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
166.7
163.3
100.0
0.0
100.0
0.0
100.0
0.0
3/24/1994
4/27/1994
5/26/1994
6/24/1994
9/1/1994
10/27/1994
11/17/1994
1/25/1995
2/24/1995
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIAIN
IQR
Mean
SD
MEDIAIN
IQR
Mean
SD
MEDIAIN
IQR
Mean
SD
MEDIAIN
IQR
Mean
SD
MEDIAJN
IQR
Mean
SD
MEDIAJN
IQR
Mean
SD
MEDIATN
IQR
Mean
SD
MEDIAIN
7.4
3.3
7.4
2.3
7.1
2.3
7.1
1.6
5.0
4.0
5.2
4.0
7.0
3.3
6.8
2.3
5.0
2.7
5.5
3.7
6.8
0.7
6.8
0.5
7.6
5.3
7.1
6.6
8.0
3.2
7.7
4.7
7.2
4.4
7.8
7.4
0.4
7.4
0.3
7.8
0.4
7.5
0.3
7.6
0.4
7.6
0.5
7.2
0.6
7.2
0.5
7.7
1.1
7.1
1.5
7.2
0.3
7.2
0.2
7.3
1.0
7.1
0.7
7.5
3.9
7.1
5.7
7.7
0.7
7.4
59.1
72.1
59.1
51.0
60.0
43.8
60.0
31.0
69.0
45.3
80.5
55.0
83.5
65.8
83.5
46.5
55.8
33.7
42.5
23.5
45.0
12.7
45.0
9.0
102.8
75.2
90.5
32.0
84.5
48.8
72.1
57.4
74.4
60.4
79.5
0.347
0.450
0.347
0.319
0.007
0.001
0.007
0.001
0.295
0.463
0.016
0.455
1.022
1.440
1.022
1.019
0.139
0.213
0.002
0.289
0.003
0.001
0.003
0.001
0.109
0.261
0.002
0.001
1.001
0.815
0.005
0.003
0.544
0.930
0.030
0.034
0.026
0.034
0.019
3.260
2.291
3.260
1.620
4.983
7.834
2.210
4.111
2.647
2.551
2.647
1.804
4.030
4.249
2.560
2.298
6.915
1.464
6.915
1.035
11.753
11.487
8.350
10.628
1.665
1.669
2.989
2.025
7.223
9.930
1.400
0.151
1.963
0.151
1.117
0.664
0.422
0.664
0.299
0.710
0.797
0.590
0.755
0.334
0.396
0.334
0.280
0.646
0.651
0.449
0.870
0.454
0.457
0.454
0.323
1.794
1.413
1.590
1.761
0.395
0.255
0.319
0.263
1.047
0.873
1.235
14.8
15.8
14.8
11.2
30.0
8.5
30.0
6.0
41.6
49.7
23.5
25.5
396.5
514.1
396.5
363.5
412.5
539.9
244.5
507.8
855.0
912.2
855.0
645.0
116.3
144.6
35.0
156.8
280.0
150.6
64.5
117.3
25.3
23.0
20.5
168.5
186.0
168.5
131.5
90.5
27.6
90.5
19.5
138.2
78.0
124.5
70.5
76.0
5.7
76.0
4.0
122.8
40.8
100.0
52.5
38.5
12.0
38.5
8.5
222.5
153.5
180.0
190.0
160.0
86.9
70.0
39.8
158.0
149.1
142.5
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
5.2
10.0
7.5
10.0
0.0
10.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
150.0
83.7
100.0
75.0
400.0
424.3
400.0
300.0
116.7
40.8
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
250.0
102.4
291.4
79.3
133.3
51.6
100.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
15.0
7.1
15.0
5.0
16.7
12.1
10.0
7.5
25.0
21.2
25.0
15.0
21.7
28.6
10.0
0.0
10.0
5.2
10.0
7.5
10.0
0.0
10.0
50.0
0.0
50.0
0.0
55.0
7.1
55.0
5.0
36.7
21.6
35.0
25.0
50.0
0.0
50.0
0.0
45.0
19.7
40.0
7.5
60.0
14.1
60.0
10.0
51.7
44.5
35.0
17.5
75.0
40.4
30.0
30.0
38.3
16.0
40.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
200.0
141.4
200.0
100.0
100.0
0.0
100.0
0.0
850.0
612.0
125.0
72.0
100.0
0.0
100.0
3/15/1995
4/18/1995
8/9/1995
10/18/1995
11/16/1995
12/28/1995
1/22/1996
2/9/1996
3/13/1996
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
IQR
Mean
SD
MEDIAE
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIAE
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
6.1
8.5
1.0
7.8
1.1
8.2
2.3
8.2
3.7
6.7
1.2
6.7
1.9
7.0
1.1
7.0
0.8
6.7
4.0
6.3
4.6
7.9
0.9
7.9
0.7
6.2
1.4
6.2
1.0
7.0
3.9
7.0
7.0
7.0
2.9
1.0
8.4
3.7
7.5
5.4
7.0
1.7
7.0
1.8
7.5
0.2
7.5
0.1
8.7
0.7
8.7
0.5
8.0
0.8
7.9
1.1
7.9
1.6
7.9
1.1
8.2
1.6
8.2
1.1
8.2
1.1
8.0
1.2
7.6
0.0
62.5
28.0
24.9
61.4
22.6
67.0
35.0
26.4
28.9
11.8
10.5
8.5
3.5
23.9
24.3
23.9
17.2
42.8
30.5
36.5
40.3
50.5
55.9
50.5
39.5
50.0
43.8
50.0
31.0
57.8
33.7
63.0
47.8
87.0
89.1
0.675
0.765
0.562
0.610
0.708
0.602
0.386
0.659
0.177
1.655
0.553
1.900
0.075
1.401
1.978
1.401
1.399
0.733
1.134
0.037
1.275
1.509
2.109
1.509
1.491
1.455
2.044
1.455
1.445
1.573
2.732
0.015
2.019
3.503
4.946
13.993
2.225
5.256
5.712
7.154
0.900
2.729
3.740
3.841
0.775
1.090
0.325
0.033
0.985
1.153
0.985
0.815
7.295
9.000
2.650
10.575
1.010
1.400
1.010
0.990
2.073
2.867
2.073
2.027
6.095
9.392
3.350
2.595
3.975
4.561
1.460
0.319
0.503
0.960
0.527
0.720
0.485
0.515
0.486
1.218
0.169
1.250
0.100
0.820
0.962
0.820
0.680
0.999
0.823
0.945
1.155
0.565
0.516
0.565
0.365
0.806
1.123
0.806
0.794
1.220
0.882
0.940
0.885
1.500
0
9.8
215.0
109.1
24.2
97.7
47.5
69.3
72.8
59.0
20.7
6.0
18.0
8.5
90.5
27.6
90.5
19.5
42.2
67.8
13.0
11.3
91.5
54.4
91.5
38.5
115.0
21.2
115.0
15.0
72.8
67.3
59.0
45.3
86.5
75.7
181.0
47.5
60.9
145.8
63.9
51.0
39.9
62.4
19.1
44.2
17.8
37.0
4.5
48.5
29.0
48.5
20.5
84.8
72.6
56.5
109.3
127.5
130.8
127.5
92.5
105.0
120.2
105.0
85.0
213.2
122.4
175.0
170.0
110.0
14.1
0.0
10.0
5.2
10.0
7.5
10.0
2.0
10.0
1.9
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
75.0
100.0
27.6
100.0
18.8
100.0
39.8
100.0
54.3
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
0.0
20.0
11.0
10.0
7.5
10.0
4.4
10.0
0.7
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
22.5
70.0
26.2
39.2
21.0
70.0
24.2
49.6
38.0
48.3
7.5
50.0
7.5
20.0
14.1
20.0
10.0
20.0
6.3
20.0
0.0
55.0
35.4
55.0
25.0
35.0
7.1
35.0
5.0
31.7
35.4
15.0
25.0
45.0
7.1
0.0
100.0
51.6
100.0
75.0
100.0
20.3
100.0
18.8
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
100.0
0.0
5/15/1996
7/15/1996
10/24/1996
11/22/1996
12/13/1996
1/13/1997
2/1/1997
4/21/1997
9/22/1997
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIAE
IQR
Mean
SD
MEDIA1>
IQR
Mean
SD
MEDL^
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIAN
IQR
Mean
7.0
2.1
6.7
1.7
7.1
1.1
7.5
4.3
7.0
3.1
7.5
1.8
7.5
1.3
7.5
1.1
8.1
1.1
6.5
1.2
6.5
0.9
6.4
1.3
6.4
0.9
7.3
1.5
7.0
2.3
6.30
0.5
6.0
0.4
8.4
7.6
0.0
7.4
0.3
7.5
0.4
8.4
1.8
8.4
1.3
7.6
0.6
7.6
0.4
7.5
0.2
7.6
0.1
7.3
0.6
7.3
0.4
8.2
1.6
8.2
1.2
7.3
0.1
7.3
0.0
4.89
0.1
7.4
0.0
7.3
87.0
63.0
16.1
7.2
17.5
10.0
37.9
48.3
37.9
34.2
59.8
71.0
59.8
50.2
14.0
5.5
13.0
5.8
78.5
58.7
78.5
41.5
53.5
40.3
53.5
28.5
21.8
9.6
19.0
7.5
18.83
7.8
23.5
5.5
17.5
3.503
3.497
3.783
0.757
3.800
1.100
1.704
2.399
1.704
1.696
0.851
1.201
0.851
0.849
3.700
1.359
4.200
1.000
0.361
0.494
0.361
0.349
0.762
1.044
0.762
0.739
3.000
0.310
3.000
0.400
2.012
0.424
4.500
0.300
4.200
3.975
3.225
4.117
0.847
3.800
0.650
2.585
3.415
2.585
2.415
1.529
2.081
1.529
1.472
1.675
1.486
1.100
0.803
2.205
2.963
2.205
2.095
3.416
4.786
3.416
3.384
1.055
0.504
0.880
0.528
2.176
0.071
4.250
0.050
3.350
1.500
0
0.947
0.106
0.950
0.098
1.258
0.329
2.258
0.233
0.173
0.151
0.173
0.107
1.600
0.155
1.550
0.100
0.414
0.503
0.414
0.356
0.306
0.388
0.306
0.275
1.650
0.266
1.650
0.175
0.819
0.212
1.750
0.150
0.860
86.5
53.5
24.6
18.2
27.0
29.6
101.5
68.6
101.5
48.5
57.5
2.1
57.5
1.5
13.3
2.6
13.5
3.3
40.0
5.7
40.0
4.0
71.5
68.6
71.5
48.5
22.8
10.2
23.0
18.0
66.17
75.0
77.0
53.0
22.0
110.0
10.0
54.7
20.9
47.5
29.0
94.5
120.9
94.5
85.5
81.0
83.4
81.0
59.0
114.8
31.1
125.0
27.3
73.5
17.7
73.5
12.5
121.0
125.9
121.0
89.0
127.5
88.6
111.0
53.0
56.08
12.7
79.0
9.0
113.0
10.0
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.6
0.6
0.6
0.4
0.4
0.4
0.4
0.3
0.1
0.0
0.1
0.0
0.20
0.3
0.3
0.2
0.1
100.0
0.0
6.8
4.7
8.5
7.0
105.5
147.8
105.5
104.5
1.5
0.7
1.5
0.5
4.7
5.6
2.5
1.8
8.0
7.1
8.0
5.0
113.5
136.5
113.5
96.5
23.8
18.2
21.0
24.8
12.83
14.8
14.5
10.5
4.5
10.0
0.0
2.3
0.5
2.0
0.8
6.0
7.1
6.0
5.0
2.0
0.0
2.0
0.0
1.2
0.4
1.0
0.0
9.0
9.9
9.0
7.0
8.0
0.0
8.0
0.0
1.3
0.5
1.0
0.8
2.67
2.8
3.0
2.0
1.0
45.0
5.0
25.0
12.2
30.0
15.0
40.0
42.4
40.0
30.0
10.0
0.0
10.0
0.0
10.0
0.0
10.0
0.0
65.0
35.4
65.0
25.0
75.0
35.4
75.0
25.0
23.3
5.2
20.0
7.5
30.00
28.3
40.0
20.0
10.0
100.0
0.0
3.5
1.2
3.0
1.5
250.1
425.0
309.5
300.5
2.5
2.1
2.5
1.5
8.8
9.0
7.0
14.3
6.0
1.4
6.0
1.0
551.5
775.7
551.5
548.5
70.5
74.3
54.0
122.3
7.92
7.1
9.0
5.0
4.5
10/13/1997
11/21/1997
12/15/1997
3/13/1998
5/14/1998
7/16/1998
8/14/1998
10/29/1998
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
0.1
8.4
0.1
8.2
0.1
8.2
0.1
6.80
4.1
6.4
6.8
8.4
0.4
8.4
0.3
6.4
1.2
6.4
0.9
6.7
1.5
6.5
1.9
6.7
0.0
6.7
0.0
8.1
3.6
7.1
3.1
7.8
0.2
7.8
0.2
0.3
7.3
0.2
7.2
0.2
7.2
0.1
7.70
0.8
7.8
1.0
7.3
0.1
7.3
0.1
6.7
0.1
6.7
0.1
7.4
0.1
7.4
0.1
7.4
0.1
7.4
0.0
7.6
0.3
7.7
0.2
7.2
0.1
7.2
0.0
0.7
17.5
0.5
26.0
0.0
26.0
0.0
47.08
26.0
31.0
36.0
17.0
1.4
17.0
1.0
35.0
35.4
35.0
25.0
10.7
2.6
11.5
4.4
10.7
4.7
10.7
3.4
13.3
7.2
10.9
10.1
17.0
2.8
17.0
2.0
0.141
4.200
0.100
4.000
0
4.000
0
1.279
2.022
0.809
2.640
4.750
0.636
4.750
0.450
3.600
1.271
3.901
0.899
3.560
0.179
3.350
0.175
2.950
0.354
2.950
0.250
2.517
0.331
2.550
0.400
3.700
0.424
3.700
0.300
0.212
3.350
0.150
2.000
0.141
2.000
0.100
3.313
2.128
2.250
2.795
3.550
0.354
3.550
0.250
1.745
2.058
1.745
1.455
14.667
1.506
15.000
1.500
2.600
0.707
2.600
0.500
3.483
0.770
3.600
1.025
9.200
0
9.200
0
0.057
0.860
0.040
1.800
0.283
1.800
0.200
0.721
0.685
0.845
1.113
2.050
0.071
2.050
0.050
0.154
0.206
0.154
0.146
1.633
0.175
1.650
0.175
1.350
0.212
1.350
0.150
1.450
0.138
1.450
0.250
1.350
0.071
1.350
0.050
4.2
22.0
3.0
20.0
4.2
20.0
3.0
104.54
60.2
16.0
46.0
24.0
4.2
24.0
3.0
33.3
37.8
33.3
26.7
8.6
1.7
8.6
2.5
17.5
6.4
17.5
4.5
6.4
4.3
4.4
4.5
5.5
0.1
5.5
0.0
24.0
113.0
17.0
45.0
0.0
45.0
0.0
85.20
21.6
55.0
25.3
63.0
14.1
63.0
10.0
33.0
28.3
33.0
20.0
62.8
14.3
58.0
19.5
88.5
30.4
88.5
21.5
41.5
18.4
49.0
20.8
63.0
4.2
63.0
3.0
0.0
0.1
0.0
0.1
0.0
0.1
0.0
5.18
0.2
0.1
0.0
0.1
0.0
0.1
0.0
0.2
0.1
0.2
0.1
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.2
0.1
0.2
0.1
0.2
0.0
0.2
0.0
0.7
4.5
0.5
3.5
0.7
3.5
0.5
86.96
5.6
5.0
1.5
3.5
0.7
3.5
0.5
4.5
0.7
4.5
0.5
2.7
0.5
3.0
0.8
6.0
0.0
6.0
0.0
5.0
5.9
3.0
0.8
3.0
0.0
3.0
0.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
8.64
0.8
1.0
0.0
1.5
0.7
1.5
0.5
3.0
2.8
3.0
2.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
0.0
10.0
0.0
30.0
0.0
30.0
0.0
38.98
8.2
25.0
10.0
30.0
0.0
30.0
0.0
35.0
7.1
35.0
5.0
11.7
4.1
10.0
0.0
40.0
0.0
40.0
0.0
26.7
5.2
30.0
7.5
30.0
0.0
30.0
0.0
2.1
4.5
1.5
2.5
0.7
2.5
0.5
95.42
5.3
2.0
1.5
2.5
2.1
2.5
1.5
7.0
0.0
7.0
0.0
1.2
0.4
1.0
0.0
1.0
0.0
1.0
0.0
8.7
3.6
9.5
4.0
1.0
0.0
1.0
0.0
11/13/1998
1/21/1999
2/25/1999
3/12/1999
4/28/1999
8/20/1999
9/29/1999
10/15/1999
11/19/1999
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIA1>
IQR
Mean
SD
MEDIAF
IQR
Mean
SD
MEDIA1V
IQR
Mean
SD
MEDIA1N
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIAE
IQR
Mean
SD
MEDIA*
8.4
1.2
8.5
0.4
7.9
0.1
7.9
0.1
7.7
0.8
7.6
0.6
7.6
0.1
7.6
0.1
7.6
0.2
7.6
0.1
7.1
1.3
7.7
1.0
8.2
0.2
8.2
0.2
7.7
0.3
7.7
0.2
6.2
1.8
6.1
7.3
0.5
7.5
0.1
7.4
0.0
7.4
0.0
7.4
0.1
7.5
0.1
7.6
0.0
7.6
0.0
7.1
0.2
7.1
0.1
7.3
0.1
7.3
0.3
7.0
0.4
7.0
0.3
7.3
0.0
7.3
0.0
7.5
0.3
7.6
19.8
10.5
18.0
5.0
16.5
0.7
16.5
0.5
18.0
5.9
19.0
5.8
15.0
0.0
15.0
0.0
15.0
1.4
15.0
1.0
6.5
1.4
6.0
0.5
14.7
10.3
14.7
7.3
14.4
8.0
14.4
5.7
58.9
57.4
40.0
2.717
0.172
2.700
0.150
2.700
0
2.700
0
3.332
0.152
3.320
0.175
5.000
0.212
5.200
0.150
3.650
0.354
3.650
0.250
3.750
0.378
3.850
0.175
4.100
0.424
4.100
0.300
4.200
0
4.200
0
2.745
1.203
2.075
12.500
1.049
12.500
1.000
11.000
0
11.000
0
10.500
0.548
10.500
1.000
16.500
0.707
16.500
0.500
5.900
0.849
5.900
0.600
0.973
1.190
0.490
0.075
0.390
0.014
0.390
0.010
1.550
0.071
1.550
0.050
5.622
2.224
4.200
0.975
0.120
0.945
0.083
1.750
0.071
1.750
0.050
1.118
0.171
1.200
0.195
2.800
0.283
2.800
0.200
0.915
0.120
0.915
0.085
1.400
0
1.400
0
1.150
0.071
1.150
0.050
1.200
0
1.200
0
0.737
0.188
0.680
6.5
1.9
5.7
1.9
20.5
3.5
20.5
2.5
20.5
9.9
20.5
12.8
20.0
4.2
20.0
3.0
27.0
0.0
27.0
0.0
8.6
2.0
9.5
1.6
22.0
1.4
22.0
1.0
16.0
1.4
16.0
1.0
44.7
84.1
15.0
48.7
5.7
49.5
8.5
44.0
0.0
44.0
0.0
49.3
12.9
45.0
4.3
30.0
2.8
30.0
2.0
26.0
2.8
26.0
2.0
39.5
4.2
39.0
3.8
32.0
4.2
32.0
3.0
46.5
9.2
46.5
6.5
73.5
59.3
56.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.2
0.1
0.1
0.2
0.2
0.0
0.2
0.0
0.2
0.0
0.2
0.0
0.2
0.1
0.2
3.5
1.0
3.5
1.0
3.5
0.7
3.5
0.5
3.5
1.4
3.0
0.8
4.5
0.7
4.5
0.5
3.0
0.0
3.0
0.0
2.2
1.9
1.5
1.0
2.5
0.7
2.5
0.5
1.5
0.7
1.5
0.5
3.5
1.7
4.0
1.0
0.0
1.0
0.0
2.0
0.0
2.0
0.0
1.2
0.4
1.0
0.0
1.5
0.7
1.5
0.5
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
2.0
0.0
2.0
0.0
1.0
0.0
1.0
0.0
2.3
1.1
3.0
30.0
0.0
30.0
0.0
40.0
0.0
40.0
0.0
33.3
5.2
30.0
7.5
35.0
7.1
35.0
5.0
20.0
0.0
20.0
0.0
40.0
15.5
30.0
22.5
30.0
0.0
30.0
0.0
50.0
0.0
50.0
0.0
30.0
16.4
30.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
7.0
1.4
7.0
1.0
1.3
0.5
1.0
0.8
2.0
0.0
2.0
0.0
1.5
0.7
1.5
0.5
1.8
0.5
1.0
12/17/1999
3/15/2000
5/8/2000
9/22/2000
11/23/2000
12/22/2000
1/18/2001
2/22/2001
3/26/2001
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIAIS
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
3.1
7.2
1.1
7.2
0.8
7.3
1.6
8.1
0.9
6.7
1.0
7.2
1.4
6.2
2.0
7.1
1.2
4.7
2.2
7.0
3.0
7.4
1.0
7.9
1.2
7.9
1.0
8.2
0.8
8.1
0.6
8.2
0.6
6.6
1.0
0.4
7.4
0.5
7.4
0.4
7.1
0.1
7.2
0.1
7.1
0.1
7.1
0.0
6.8
0.2
6.9
0.1
7.3
0.2
7.3
0.3
7.2
0.2
7.3
0.2
7.4
0.1
7.4
0.1
6.9
0.1
6.9
0.0
7.0
0.0
56.8
48.3
56.2
48.3
39.8
14.9
6.0
16.0
3.6
12.8
5.8
16.0
6.0
18.0
9.3
13.5
5.5
40.3
43.4
29.5
39.0
18.5
5.3
17.5
5.5
10.2
4.4
11.5
3.3
15.8
4.9
15.5
4.8
16.0
6.7
1.488
5.000
1.342
4.900
0.949
1.850
0.300
2.000
0.150
2.440
0.378
2.600
0.500
3.550
0.975
3.950
0.600
3.100
1.232
3.000
1.670
2.333
0.250
2.350
0.400
2.400
0.058
2.454
0.100
4.400
0.138
4.500
0.250
2.625
0.435
2.900
1.750
1.061
1.750
0.750
14.500
0.577
14.500
1.000
2.700
0.869
2.300
0.500
1.823
1.588
1.100
0.828
3.567
3.326
2.600
2.100
11.667
0.516
12.000
0.750
13.500
0.577
13.500
1.000
13.833
0.408
14.000
0
8.850
0.311
0.175
0.265
0.049
0.265
0.035
1.200
0.082
1.200
0.050
1.200
0.122
1.200
0.100
1.133
0.514
0.905
0.308
0.452
0.305
0.365
0.313
1.010
0.167
0.960
0.193
0.750
0.181
0.710
0.165
0.778
0.159
0.775
0.240
0.618
0.268
7.0
35.5
31.8
35.5
22.5
17.9
8.7
16.0
6.6
16.0
11.0
23.0
17.8
25.0
11.4
25.0
7.0
21.4
24.9
12.7
12.0
13.4
5.4
12.5
8.1
19.9
11.4
23.5
10.1
14.6
6.7
14.0
5.3
34.9
23.7
52.5
80.5
55.9
80.5
39.5
77.5
3.8
76.0
3.5
56.8
5.9
58.0
4.0
34.3
6.2
32.5
5.8
38.7
29.8
30.0
39.8
27.7
3.2
27.5
3.3
31.8
1.0
31.5
1.3
34.8
1.8
34.5
3.3
28.5
3.8
0.2
0.3
0.1
0.3
0.1
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.2
0.0
0.2
0.0
0.3
0.2
0.2
0.3
0.2
0.1
0.2
0.1
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
1.8
7.5
2.1
7.5
1.5
3.3
0.5
3.0
0.3
2.6
0.9
2.0
1.0
11.0
9.3
6.5
5.5
4.0
0.9
4.0
1.5
7.3
2.7
7.5
3.8
6.5
2.5
7.0
1.5
5.5
1.0
5.5
1.0
5.5
1.7
1.8
5.5
2.1
5.5
1.5
1.3
0.5
1.0
0.3
1.2
0.4
1.0
0.0
1.5
0.6
1.5
1.0
1.5
0.5
1.5
1.0
1.7
0.5
2.0
0.8
1.3
0.5
1.0
0.3
1.7
0.5
2.0
0.8
2.3
1.3
10.0
100.0
56.6
100.0
40.0
32.5
5.0
30.0
2.5
32.0
4.5
30.0
0.0
37.5
5.0
40.0
2.5
40.0
15.5
40.0
20.0
41.7
21.4
40.0
35.0
35.0
5.8
35.0
10.0
46.7
16.3
45.0
25.0
42.5
26.3
1.0
3.0
1.4
3.0
1.0
1.3
0.5
1.0
0.3
2.0
0.0
2.0
0.0
1.5
1.0
1.0
0.5
3.7
3.9
2.0
3.5
1.0
0.0
1.0
0.0
3.3
0.5
3.0
0.3
2.3
0.5
2.0
0.8
6.8
0.5
4/20/2001
5/14/2001
6/18/2001
8/20/2001
9/24/2001
10/19/2001
11/19/2001
12/19/2001
1/23/2002
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
MEDIAN
IQR
Mean
SD
MEDIAE
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
SD
MEDIAN
IQR
Mean
7.0
0.6
6.9
0.8
7.0
1.0
6.3
0.6
6.6
0.9
6.3
3.4
6.5
7.3
7.5
0.7
7.7
0.8
7.0
1.4
7.3
0.9
7.3
1.1
7.7
1.1
8.4
0.3
8.5
0.5
7.7
0.5
7.9
0.9
7.8
7.1
0.0
7.2
0.1
7.3
0.1
7.9
0.1
7.9
0.0
7.3
0.4
7.2
7.5
7.4
0.2
7.5
0.2
7.3
0.2
7.3
0.1
7.1
0.2
7.2
0.1
7.2
0.1
7.3
0.2
7.3
0.0
7.3
0.0
7.8
17.0
5.5
18.0
5.9
16.5
7.0
17.4
11.5
18.0
20.5
36.5
39.6
19.5
44.0
7.5
0.3
7.7
0.3
11.8
1.7
12.5
1.7
15.5
3.3
14.5
4.0
21.3
10.3
17.5
3.3
13.2
2.5
13.5
3.8
15.1
2.750
0.325
3.375
0.206
3.400
0.125
3.550
0.235
3.600
0.150
5.800
0.926
5.752
1.550
3.883
0.376
4.050
0.325
3.550
0.645
3.700
0.800
3.875
0.608
3.900
1.025
4.200
0.219
4.200
0.400
2.950
0.173
3.000
0.250
2.675
8.850
0.400
5.175
1.328
4.700
1.175
6.050
0.243
5.950
0.325
3.135
3.293
2.300
4.600
0.742
0.238
0.635
0.138
2.275
0.685
1.950
0.425
2.600
1.095
2.200
0.900
6.983
0.538
7.000
0.875
11.000
0.816
11.000
3.500
14.000
0.585
0.243
0.625
0.323
0.600
0.505
1.350
0.251
1.300
0.200
0.282
0.235
0.255
0.433
1.850
0.105
1.850
0.100
1.100
0.082
1.100
0.050
0.805
0.135
0.765
0.100
1.300
0.126
1.350
0.175
0.810
0.119
0.775
0.145
0.865
35.5
19.6
21.6
10.9
24.0
8.0
37.7
32.5
36.0
58.5
44.8
25.7
45.5
57.0
5.4
2.4
5.3
2.5
15.2
6.7
17.0
5.4
9.4
2.6
9.4
3.8
6.9
1.3
7.0
1.9
9.5
2.1
9.6
3.4
15.9
27.0
3.5
35.0
3.2
34.5
4.0
37.2
5.3
35.5
6.8
37.3
31.3
28.5
48.8
21.3
4.3
22.5
2.5
37.0
7.9
37.5
11.0
35.8
8.3
32.5
6.8
30.3
2.2
30.5
2.5
25.8
1.0
25.5
1.3
33.5
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.1
0.1
0.1
0.2
0.1
0.2
0.2
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
6.0
1.0
10.5
3.4
11.0
3.5
10.7
6.4
10.0
11.0
5.5
1.3
5.5
6.3
5.2
0.4
5.0
0.0
4.8
1.3
5.0
0.8
4.8
1.3
5.0
0.8
6.2
0.4
6.0
0.0
5.0
0.0
5.0
0.0
5.0
2.0
0.8
2.3
0.5
2.0
0.3
1.5
0.5
1.5
1.0
3.3
2.9
2.5
4.8
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
1.3
0.5
1.0
0.3
1.3
0.5
1.0
0.8
1.0
0.0
1.0
0.0
1.3
35.0
22.5
35.0
5.8
35.0
10.0
31.7
13.3
30.0
20.0
35.0
10.0
30.0
35.0
21.7
4.1
20.0
0.0
27.5
5.0
30.0
2.5
22.5
5.0
20.0
2.5
30.0
6.3
30.0
0.0
32.5
5.0
30.0
2.5
40.0
7.0
0.3
1.8
0.5
2.0
0.3
1.0
0.0
1.0
0.0
4.0
1.8
4.0
5.3
1.7
0.5
2.0
0.8
1.0
0.0
1.0
0.0
2.3
0.5
2.0
0.3
4.0
2.4
5.0
3.0
3.0
0.0
3.0
0.0
1.8
2/19/2002
3/11/2002
4/15/2002
8/16/2002
9/5/2002
11/20/2002
Dry
Dry
Dry
Dry
Dry
Dry
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
Mean
SD
MEDIA*
IQR
*NM = Not being measured
0.8
8.0
1.3
8.1
1.0
8.3
0.6
7.3
0.9
7.5
0.9
6.8
1.1
6.3
0.6
7.3
0.7
7.3
2.8
7.4
0.4
7.4
0.4
7.6
0.3
7.7
0.3
0.1
7.3
0.2
7.5
0.2
7.5
0.1
7.3
0.1
7.3
0.1
7.1
0.0
7.1
0.0
7.5
0.1
7.5
0.1
6.9
0.1
6.9
0.1
7.3
0.0
7.3
0.0
6.9
17.0
11.5
11.4
2.1
11.0
2.2
19.0
9.7
16.0
7.0
24.5
11.0
29.5
6.5
6.3
0.6
6.3
0.3
11.7
0.6
12.0
0.5
14.3
2.1
15.0
2.0
0.150
2.700
0.275
3.333
0.137
3.350
0.100
2.325
0.150
3.700
0.225
3.075
0.263
2.100
0.425
4.600
0.408
4.750
2.533
5.700
0.265
5.800
0.250
3.600
0.200
3.600
0.200
0
14.000
2.250
15.667
0.816
15.500
1.000
10.375
0.732
10.450
1.175
2.075
1.112
1.750
1.275
0.490
0.308
0.355
0.180
0.870
0.110
0.870
0.110
2.300
0.200
2.300
0.200
0.102
0.850
0.146
1.182
0.273
1.100
0.200
0.953
0.259
0.880
0.318
1.040
0.176
0.970
0.125
1.018
0.126
0.970
0.514
0.980
0.026
0.990
0.025
0.413
0.072
0.450
0.065
8.4
19.0
15.4
12.2
4.9
13.0
3.0
13.6
6.6
15.0
5.4
93.3
62.5
115.0
56.7
8.2
3.4
8.6
1.7
8.8
2.8
7.4
2.6
27.0
14.2
22.0
13.5
5.8
35.5
11.4
31.0
1.5
31.0
2.0
35.0
4.4
35.0
5.5
41.5
6.4
44.5
4.0
27.3
1.0
27.5
1.8
27.0
1.7
28.0
1.5
34.0
6.6
35.0
6.5
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.2
0.1
0.1
0.1
0.1
0.0
0.1
0.0
1.4
5.5
2.5
6.3
1.4
6.5
1.0
6.0
1.4
6.5
1.5
23.8
13.7
28.0
10.8
4.0
0.8
4.0
1.0
4.3
0.6
4.0
2.3
9.7
0.6
10.0
0.5
0.5
1.0
0.3
7.7
15.4
1.0
1.5
1.3
0.5
1.0
0.3
1.8
0.5
2.0
0.3
1.3
0.5
1.0
0.3
1.0
0.0
1.0
0.4
2.0
0.0
2.0
0.0
8.2
40.0
12.5
51.7
29.3
40.0
7.5
42.5
5.0
40.0
2.5
52.5
15.0
60.0
7.5
27.5
5.0
30.0
7.5
30.0
0.0
30.0
16.9
43.3
23.1
30.0
20.0
0.5
2.0
0.8
5.0
3.0
4.0
0.0
2.5
0.6
2.5
1.0
2.3
1.0
2.5
1.3
1.8
0.5
2.0
0.0
3.3
0.6
3.0
2.1
3.3
0.6
3.0
0.5
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